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| “Tae rôle played by the frontal lobes in the regulation and control of : — 

spontaneous activity is stilla — of dispute. Ferrier (1876), Bianchi _ 

(1922), Lashley (1920), Jacobsen (1931 and 1936), and Levin (1986), 
| found that removal of the frontal lobes in animals (dogs, monkeys and 
> rats) resulted in restlessness and increased activity, while Goldstein _ 
. (1927) and Kleist (1934) reported that destruction of the frontal lobes 
n n mon Lh tumours or war r arios — in 4 sil a and decr ased 





— to — pee and were h andicapped 
“means of measuring activity. The clinical work we 
_ handicapped by the lack of definite or re; — — 
localization. o of the lesions. o 
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2 ORIGINAL ARTICLES AND CLINICAL CASES 


METHODS. ` 


A photograph of one of the cages used in these experiments is shown 
in fig. 1. These cages were 6 ft. long, 6 ft. high and 180in. wide. The 
monkey’s movements around a central rod which served @s an axle were 
recorded. One end of the rod was connected by gearg to two cyclo- 
meters on the outside of the cage, and the other end extended freely 
through a small hole in the opposite side. Every tenth of a revolution 
of the axle in either direction was recorded. Ong ead of a thin flexible 
steel rod, 24 ft. long, was clamped to the axle, the other was connected by 
a 9-in. length of swivel chain to the collar of the monkey. Thus, the 





Fic. 1.—Cage used for measuring activity of monkeys. 


animal could reach every corner of the cage, could sit on either of two 
platforms, one over the central axle, and the other in one corner just 
above the floor, and still have all of its activity recorded except for a 
small amount within the range of the chain at the end of the flexible 
rod. The two cyclometers were read daily. 

The room was maintained at a fairly constant temperature, 70° to 
80° F., and as free as possible from noise. The animals were fed at 
7.30 in the morning just before the cages were cleaned, and again late 
in the afternoon. The food consisted of bread, carrots, sweet potatoes, 
cabbage, lettuce and milk. 


the brains were rer roa, fixed. in. — on | preaceved for 4 mac 
-scopic and microscopic. study? Most of the brains were sectioned 4 
-stained with Spielmeyer’ s modification of Weigert’ s technique; th 
rest were studied only macroscopically. | 
des, _ Nineteen monkeys used ifthe experiment? v were subjected t to a total 
forty-six operations. — 
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Effect Produced by Gross Removal of F — and. Occipital Poles 
In the preliminary experiments undertaken for purposes of orienta 
n, a study was made of the effects produced by gross removal of J 
frontal and occipital poles of the brain. oe 
= The record from one of these animals with a unilateral removal of 
‘the right frontal pole is shown in fig.2. It will be seen that the acti it 

increased from a level near 200 revolutions per day to a level near 
200 and the increase appeared to be permanent. l 
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The frontal poles were removed unilaterally in five animals; in two 
of these the other frontal pole was removed at a second operation. The 


results are summarized in Table I. An increase in activity was produced 
‘ 
TABLE I,—Gnross Removat or Frontat Poise. ® 


e 
Di 
AVERAGE DAILY ACTIVITY IN FULL REVOLUTIONS OF AXLE 
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by unilateral as well as bilateral operations in all of the animals. In 
two animals in which the unilateral operation had produced only a 
small increase, a large increase was produced by the subsequent 
removal of the other pole. 





Fic, 3.—Frontal and dorsal views of brain of animal showing unilateral frontal pole 
lesion which produced marked increase in activity (see fig. 2). 


The extent of the lesion in the animal whose record was shown in 
fig. 2 may be seen in the photograph of the frontal and ventral views of 
the removed brain in fig. 3. 

Histological study of the brains of the five animals showed that the 
lesions were limited to the prefrontal cortical Areas 8,9, 10, 11 and 12, 
and to the anterior ends of the caudate and putamen. 
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Unilateral and bilateral removal of a large area in the occipital 
region in two animals produced a slight decrease rather than an increase. 

Unilateral er bilateral removal of Area 6 alone in two animals also 
was without effect. Combined removal of Area 6 and the prefrontal 
cortex in two eanimals had no effect; it did not produce “ marked 
torpor” or “sluggish motor behaviour” as reported by Fulton, 
Jacobsen and Kennard (19382). 


Effect Produced bY Removal of the Entire Prefrontal Cortex 
Sparing the Striatum. 

Further experiments with definitely circumscribed lesions were then 
undertaken to determine the qrole played (1) by the prefrontal cortex 
and (2) by the underlying striatum. 

Unilateral removal of the prefrontal cortex produced only a slight 
increase in the two animals operated on; however, subsequent removal 

ý ; 
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Fre. 4.—Graph showing effect produced on activity by removal of one prefrontal cortex 
and subsequent removal of the other prefrontal cortex. 


of the other prefrontal cortex produced a large increase in activity 
(see Table I). In the record of one of these animals shown in fig. 4, 
removal of the prefrontal cortex on one side produced an increase trom 
an average level of 57 to 136 revolutions, and removal of the other cortex 
an increase to an average level of 935 revolutions. The overactivity 
appeared to be permanent. 

The limitation of these lesions to the prefrontal cortex was estab- 
lished by histological studies of the brains and of the extirpated tissue. 


6 ORIGINAL ARTICLES AND CLINICAL CASES 


It would seem likely then that spontaneous activity is controlled at 
least: in part through the prefrontal cortex, in agréement with the 
observations made by Jacobsen (1931 and 1936), and Fulton, Jacobsen 
and Kennard (1932). 





à 


Fig. 5.—-Drawing showing cortical areas of frontal lobes. The lines on these charts 
indicating the boundaries of Brodmann’s areas are not definitely fixed. The field which has 
in the writers’ investigations shown the greatest variation is the dorsal extension of Area 8. 
Sometimes the dorsal extension of Area 8 is very slender and sometimes several millimetres 
in breadth. 
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Fia. 6.—Graph showing the effect produced on activity by removal of Area 9 on one side 
and subsequent removal of Area 9 on the other side. 


Effect of Separate Removal of Areas 8, 9 and (10,11 and 12). 


Having thus shown that activity could be increased by bilateral 
removal of the entire prefrontal cortex it was decided to determine 
whether the same large increase could be obtained by bilateral removal 
of any of the individual parts, as of Areas 8, 9 or (10, 11 and 12) shown 
in fig. 5. 


⸗ 
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It was found, in agreement with the results just reported, that 
unilateral removal of any one of thé prefrontal areas produced only a 
slight, if any, iđcrease in activity. Bilateral removal of Areas 8 or (10, 
11 and 12) al§o had very little effect. Bilateral removal of Area 9 
produced a definite increase, as may be seen in the record of one of the 
animals shown in fig. 6, The average daily activity before operation 
was 41 revolutions, after unilateral removal of Area 9, 67 revolutions, 
and after the bilateral eemoval, 441.: 

The results of these experiments are summarized in Table II. It 


TABLE IL.— SEPARATE REMOVAL or Armas (8), (9), (10, 11, anp 12). 
r 


AVERAGE DAILY ACTIVITY IN 
FULL REVOLUTIONS OF AXLE 


| 
| 





MONKEY : Pri 
NO. 10 day |. 10 day 10 day 
period period period 
before after after 
first unilateral bilateral 
f operation | removal remeval] 
‘ 4 
(Arga 8) 
| | 
66 1° 340° 144 102 
l 
(AREAS 10, 11 AND 12) 
D 
66 102 97 3g 
68 110 190 ` 198 
(AREA 9) 
39 4} | 67 441 
67 160 | 121 224 


will be seen that in one animal unilateral removal of Area 8 had no effect 
on activity and bilateral produced a small decrease. Areas (10, 11 and 
12) were removed in two animals. Unilateral removal produced a small 
Increase -in one; bilateral removal had no effect in one and produced a — 
decrease in the other. The small increase after the unilateral removal 
in one of the animals can be explained by the fact that the activity was 
increasing at the time the operation was performed. Unilateral removal 
of Area 9 produced a small increase in one of two animals and bilateral 
removal produced a definite increase in both. ` 
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Effect Produced by Injuries to the Striatum. 


The fact that such a great increase in activity was produced in 
animals with the gross unilateral removal of the frontal pole involving 
both the prefrontal cortex and the tip of the striatum, while no increase 
or only a slight increase was produced by the unilateral*emoval of the 
cortex alone, indicated that the striatal injuries must also play an 
important part. ‘ 

In order to determine the rôle played by the striatum in the pro- 
duction of overactivity the following experiments were performed. 
First, an attempt was made to make unilateral lesions in the tip of the 
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Fie, 7.—Graph showing effect produced on activity by unilateral removal of the tip of 
the caudate and putamen subsequent to removal of Areas 9, 10 and 11. 


striatum without injuring the cortex. These efforts were unsuccessful, 
due to our inability to localize the lesion and to remove a sufficiently 
large piece of the striatum. In later experiments the prefrontal cortex 
was removed unilaterally in one operation. Several weeks later, when 
it-was certain there would be no increase in activity from this operation, 
the tip of the striatum was removed. It was found that such striatal 
lesions regularly produced an immediate and great increase. In the 
record of one of these animals in fig. 7 it will be seen that in contrast 
to the small increase (from an average level of 38 revolutions to 145 and 
145 to 184) produced first by removal of Areas 10 and 11 and then by 
removal of all of the prefrontal cortex anterior to Area 8, a very great 
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increase (to 1,057) was produced by subsequent removal of the tip of the 
striatum (see Table III). 

Similar recotds were obtained in two other animals as may be seen 
in Table III. n monkey No. 69 the small increase from an average 
level of 199 toe822 revolutions was produced by unilateral removal 
of left Areas 9 and 10, and a very large increase from an average 
level of 322 to 828 by subsequent removal of the tip of the 
caudate and putamen. ®* Removal of Areas 9 and 10 and the tip of the 


Tase ILI, -—-INJURIES TO THE STRIATUM. 


AVERAGE DAILY ACTIVITY IN FULL REVOLUTIONS OF AXLE. 






Monxey No. 69 Monsey No. 71 





Monxrey No. 72 


ee itt 


10 day period before ist | 199 
operation e 









10 day period before Ist 38 
operation 


10 day period before 1st 
operation 






10 day period on plateau | 822 — 
after removal of Areas 
9 and 10 on left 


10 day period on plateau | 145 
after removal of Areas 
10 and 11 on left 


10 day period on plateau 
after removal of left 
Area 9 and lateral Area 
10 








10 day period on plateau 
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on left 


10 day period on plateau | 828 
after removal of tip of 
caudate and putamen 
on left 


10 day period on plateau ; 184 
after removal of. entire 
prefrontal cortex on left 
anterior to Area 8 






10 day period on plateau | 1,057 
after removal of rostral 

part of left caudate and 
putamen 


10 day period on plateau | 929 
after removal of entire 
prefrontal cortex and | 
tip of caudate on right | 


10 day period on plateau 
after removal of pre- 
frontal cortex on right 






striatum on the other side produced an additional increase. Macro- 
scopic and histologic studies made on this brain showed that Areas 9 
and 10 and the tip of the striatum had been removed on both sides. 

In monkey No. 71 activity increased from an average of 103 
revolutions per day before removal of Area 9 and the lateral part of 
Area 10 to a level of 229. Subsequent removal of the tip of the 
caudate and putamen produced an increase to 393 revolutions. Removal 
of the prefrontal cortex on the opposite side produced an increase 
to 632. 

REMARKS. 


It was found that in general the increase in activity was much more 
precipitous in animals with striatal lesions than in animals with lesions 
limited to the cortex. Thus, in the record (fig. 7) of an animal with a 
striatal lesion the activity showed an increase three days after operation 


` l A 
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and reached a plateau after six days; in the record (fig. 4) of an animal 
with cortical lesions, activity did not increase until fifteen days after 
operation, and then only very gradually, not reaching "a plateau until 
thirty-five days later. l H 


HISTOLOGICAL STUDY oF BRAINS. ° 


The degeneration of fibres and nuclei was studied in detail ın, 
three animals with cortical and striatal lesions, ¿A short summary is 
given below. < 


Monkey No. 72 (lesion of the left prefrontal cortex, head of the caudate and 
putamen). 

The lesion was wel® circumscribed; *it encroached in no way upon 
Areas 4 or 6, and left in place only the caudal limbs of the infraorbital gyri. 
The dorsal surfaces of the anterior end of the left caudate and putamen were 
clearly removed without injury to the globus pallidus. The loss of fibres in 
the external capsule was gréat and extended caudally to the level of the middle 
of the globus pallidus. The loss of fibres in the corpus callosum was confined : 


to its most anterior part, involving little more than the genu. The greatest , 


reduction of fibres in the internal capsule was found medially. Also the 
number of fibres within the deep layers of the small remnant of the ventral 
surface of the cortex, i.e. the caudal limbs of the gyri orbitalis and frontalis 
inferior, was fewer than in similar positions on the normal right side. 

The left medial nucleus of the thalamus was definitely smaller than the 


right and there was perhaps a slight reduction in the’ lateral nuclear group also. ' 
Further, in this brain, where no injury was done to the right side, the reduction. 


of the nerve fibres within and on the ventral border of the lateral division of 
the left anterior nucleus was particularly clear. There was a definite reduction 
in the anterior thalamic peduncle, in the fibres which enter the mediodorsal 
part of the globus pallidus and the medial part of the substantia nigra, and in 
the stratum sub-callosum. 

Although in this brain, as in the others, it was not possible to trace the 
route taken by the tractus cortico-tegmentalis, nevertheless comparison of the 
density of fibres both in the thalamus and in the midbrain tegmentum showed 
clearly a loss on the left medial to the general subthalamic region and lateral 
to the nucleus ruber, respectively. At the level of the oculomotor nucleus the 
loss of fibres was obviously confined to the medial part of the basis pedunculi 
This loss could be traced into dorsomedial parts of the medial group of 


descending fibre bundles in the pons, where it gradually disappeared. A search ‘ 


of the midtegmental region caudal to the nucleus ruber revealed what might 


be considered a scattered loss of fibres dorsal to the main body of the lemnisecus * 


systems, and also dorsolateral to the lateral group. of tegmental nuclei. In 
the medulla oblongata at the caudal level of the superior olive, no loss of nerve 
fibres within the pyramids could be seen, and at this level there was no visible 
loss of fibres within the tegmentum. 


t 
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The only fibre degeneration which seemed to be located definitely within 
the body of the basal ganglia was observed among normal appearing bundles 
which lie well outside the internal capsile, within the nuclear mass of junction 
between the caudate and the putamen. These partially degenerated bundles 
can be followed caudally to the level of the anterior commissure. 

The right hemisphere was intact and no disturbance of its blood supply in 
the region opposite the lesion could be seen. 

Monkey No. 69 (bilateral removal of Area 9 and lateral pari of Area 10 and 
head of caudate and putamen). 

The diminution of the number of nerve fibres in both the capsula externa 
and the capsula extrema extended on either side as far caudally as the level of 
the mid-region of the Island of Reil. There was a reduction of fibres in the 
subcallosal bundle and in the internal capsule, and n the medial and ventral 
part of the anterior thalamic peduncle; but within the corpus callosum the 
reduction was confined to a scattered degeneration within the dorsal part of 
the genu. The reduction within the internal capsule was circumserihed and 
confined to the medial division. The more mediodersal bundles strayed from 
the internal capsule and at the level of the midthalamic region lay dorso- 
medially of the corpus subthalamicum and medioventrally of Forel’s Field He, 
forming perhaps a tegmental projection system, which, with this technique, 
could not.be traced further than the general subthalamic region. Within the 
midbrain, the tegmentum dorsolateral to the necleus ruber, a scattered 
diminution in density of staining appeared. ; 

From the fact that the medial part of the internal capsule swings ventrally 
to he on the ventral surface of the midbrain as the pes pedunculi, it followed 
that the more medially lying concentration of fibre loss was seen in the 
dorsomedial part of the rostral division of the substantia nigra. This loss ` 
involved about the medial one-third of the fibres entering the substantia nigra 
on the left and not more than the medial one-fourth or one-fifth on the right 
at homologous levels. At the level of the exit of the root of the third nerve no 
loss or diminution of nerve bundles could be demonstrated in the substantia 
nigra. No decrease of fibre content within the globus pallidus was observed. 

On the left, the remaining loss in the pes pedunculi was confined to the 
most medially lying fibres. This loss could be followed into the pontine levels 
as one in the most dorsomedial bundles. On the right, a very slight loss was 
seen. Caudal to the mid-pontine region, none could be identified on either 
side. At the level of the pyramids, the sections of this brain appeared to be 
normal throughout. 


* 


Monkey No. 71 (removal of all the prefrontal cortex anterior to Area 8 and 
the head of the caudate and putamen on the left side, and of Area 9 and the 
lateral distribution of Area 10 on the right). 

The loss in fibre content of both the capsule externa and extrema showed 
a marked gradually decreasing decrement as far caudally as the Island of 
Reil. A similar gradually decreasing decrement in the number of degenerated 
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fibres found in the deep white matter of the ventral aspect of the hemisphere 
was followed from the rostral part of the lesion to the mid-transverse plane of 
the hemisphere. The loss within the-corpus callosum wag confined to the 
region of the genu. ; e 

The loss of fibres within the anterior limb of the internal capsule was 
roughly estimated to be about one-fourth of the total on the right and about 
nine-tenths on the left. Consequently, the attempt at removal of the head of 
the caudate was equivalent to cutting both the corticifugal and the corticipetal 
fibres anterior to the subcortical lesion. Although® tlre actual cortical lesion 
itself was well confined, the total lesion on the left was practically equivalent 
to removal of the prefrontal area, anterior to Area 8. 

Comparison of degeneration of fibres into the thalamus showed that those 
on the left were greater ig number than thase on the right. This loss, visible 
bilaterally, was followed easily. into the ventral part of the lateral group and 
medial nuclei, and on the left, possibly into the caudal part of the anterior 
nucleus. There was perhaps a slight decrease in the number of nerve fibres 
within the lateral nucleus qn the left side. 

In the level of the subthalamus, on the left, many of the degenerated fibres 
no longer lay within the confines of the internal capsule, but rather in the 
thalamic tegmentum itself, ventramedially to Forel’s Field Ha. Not all of 
‘these fibres could be followed rostrally into the midbrain tegmentum (see Levin, 
1936), and they formed therefore if this technique is reliable) a projection 
system into the sub-thalamic tegmentum. Others of these degenerated fibres 
on the left were followed through many sections, lying lateral to the ganglion 
interpedunculare. They did not apparently penetrate this nucleus, but gradually 
disappeared as their destination was sought caudally, forming possibly a 
projection system into the ventral midbrain tegmentum. Besides this 
diminution in number of nerve fibres within the ventral part of the midbrain 
tegmentum there is a scattered loss of stained myelin sheaths within the 
tegmentum dorsolateral to the anterior reaches of the left nucleus ruber. 
Further within the dorsal and medial part of the medial division of the globus 
pallidus there,is an apparent decrease in the number of stained myelin 
sheaths. 

In the level of shift of the fibre bundles from a position within the internal 
capsule to one within the pes pedunculi, the degeneration on the left was 
confined to the medial fourth, that on the right to & few medially placed 
bundles. These degenerated fibres left this position in two directions, some 
shifting dorsally to the medial third of the substantia nigra, others into the 
medial part of the mediodorsal bundles in the pons. 

The subcallosal bundle was greatly degenerated on the left, for on that side 
it was interrupted in the removal of the rostral caudate-putamen complex. On 
the right the degeneration of the subcallosal bundle appeared to be as great as 
on the left as far caudally as the level of the rostral end of the globus pallidus. 
From this level caudally some normal fibres were found on both the right and 
on the left. 
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In summary, the analysis of the fibre degeneration within these 
brains subjected to removal of the rostral divisions of the caudate or of 
the putamen did not, with one exception, reveal any projection system 
not previously Recognized by the recent studies of corticifugal systems 
arising in variqus portions of the prefrontal cortex (Mettler, 1935 ; 
Levin, 1936). This exception was the bundle of degenerating fibres 
(brain of No. 72) found within the remaining part of the caudate, which 
could be followed caudadly in the ventromedial wall of the telencephalon 
to be lost in the region ventral to the anterior commissure. That these 
degenerated fibres actually had their nuclei of origin within the nucleus 
is doubtful because they could not be identified as degenerated in the 
brains of Nos. 71 and 69. Moré likely they were fibres of passage which 
arose within the medial surface of the frontal lobe. 

All three brains have in common great fibre degeneration within the 
long association systems, such as the capsule externa and extrema, as well 
as within the subcallosal bundle. In all of these the anterior thalamic 
peduncle shows great loss of fibres, the greatest in the brains which had 
suffered the greatest cortical or striatal removals. The greatest diminution 
in size of thalamic nuclei was found, as should be expected, in the dorsal 
part of the medial nucleus (Clark and Boggon, 1935; Walker, 1936). 
The loss of nerve fibres about or within the anterjor thalamic nucleus 
was confined to brains Nos. 71 and 72. (Brain of No. 69 had suffered 
neither loss of the infra-orbital gyri nor interruption of their inter- 
regional connections.) a 

The ‘degeneration of projection systems other than the anterior 
thalamic peduncle, common to all three of these brains, are those which 
apparently terminate within the diencephalic tegmentum! and the 
mesencephalic tegmentum, and those which can be traced into the sub- 
stantia nigra and into the dorsomedial part of the pons. Degeneration 
of fibres into the globus pallidus was very definite in the brain of 
monkey 72 from which the prefrontal area had been removed (see 
Mettler, 1935 ; and Levin, 1936). 

That no specific loss of nerve fibres could (with the use of this 
technique) be allocated to the striatal injuries was disappointing. 


1 Mettler (1985) was able to trace descending degeneration from the prefrontal cortex 
(judging by the position of the lesion it may have encroached-slightly upon Area 6) into ‘the 
corpus subthalamicum itself and Levin (1936) found no degenerating fibres terminating 
within the subthalamic tegmentum unless Areas 4 or 6 were included within the area of 
cortical lesion. One thing is certain, Areas 4 and 6 were not injured in these brains ; never- 
theless small degenerated groups of nerve fibres were seen within the diencephalic tegmentum, 
and could be traced no further. Of course, Spielmeyer’s technique is not the best method 
to demonstrate the termination of degenerated fibres. The use of the Marchi technique was 
out of the question for these brains, 
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DISCUSSION. 


, The results of these experiments have brought definite proof of the 
regulation or control of activity through the frontal polés of the brain, in 
agreement with the observations made incidentally to other experiments 
by Lashley (1920), Jacobsen (1931, 1986), and otbers. They have 
brought out the fact that the striatum as well as the prefrontal cortex is 
concerned and that Area 9 of the cortex of Brodmann plays the most 
important part. This result is not in agreenfent with the conclusions 
of Kennard and Ectors (1987). They reported that animals with one 
hemisphere removed showed “ forced ” circling movements and deviation 
of the eyes toward the side of the lesion; and that removal of Area 8 
was solely responsible fr the “ forced “circling movements inasmuch as 
removal of the occipital cortex and other prefrontal areas failed to give 
the same results. These observations led them to conclude that the 
increased activity which they observed was due to removal of Area 8. 
The small size of Area 8, as well as the great variation in its extent, add 
to the difficulties of making lesions which do not include other areas. 
The simple fact that it is possible to obtain a great increase in activity 
following an ablation of the prefrontal cortex without including Area 8 
(monkey No. 39 showed a very definite increase in activity after bilateral 
removal of Area 9, completely sparing Area 8; and monkeys Nos. 69 
and’71 showed increased activity after the striatal lesions were made 
subsequent to the ablation of Areas 9 and 10, completely sparing Area 8) 
suggests that the activity described in this paper is a phenomenon quite 
separate from that described by Kennard and Kctors as “‘ forced ” 
circling movements. The animals under consideration here were seen 
to circle only when kept in small cages. In larger cages, they were 
observed to walk back and forth upon the shelves, or to jump up and 
down from the floor to the sides of the cage. That our one case of 
bilateral removal of Area 8 (No. 66) did not show “forced ” circling may 
be due to an undetermined slight difference in the operations performed ; 
for the inclusion or exclusion of an apparently insignificant amount of 
cortical tissue at certain strategic places makes a great deal of difference 
in the sequele of the operation. 

The mechanisms involved in the production of the increase of 
activity due to prefrontal and striatal lesions are not known. Viewed 
from a béhaviour level the increased activity might be due to a change 
in the animal’s disposition manifested in an incredsed desire to escape. 
We were unable to detect changes of such a nature. An increased 
hunger or thirst, if present and unsatisfied, might produce the increased 
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“activity. Our animals did not show a noticeable increase in appetite or 
thirst (no measurements were made). Furthermore, they were never 
without focd or water. Still another possibility is that we are dealing 
with a perseveraéion tendency ; in other words, that once started running 
about the cage the animal is unable to stop. However, we could not 
discover the manifestations of any other perseveration tendencies. For 
‘example, the. animals did not continue to make chewing movements 
after the food was swallqwed. Viewed from a more strictly physiological 
angle the increased activity may be regarded as a result of a release 
phenomenon, that is, the removal of the inhibitory influences from the 
higher centres may permit external stimuli to pass on freely without 
‘hindrance or inhibition to lowew reflex centres.e Actually the animals 
did show a greatly heightened distractability, responding to all kinds of 
stimuli. . 

In spite of the increase in our understanding of the nerve-fibre 
relations between the prefrontal cortex and subcortical centres, the 
‘exacé nervous mechanisms which are involved in the production of an 
increase in spontaneous activity are unknown. The cortical and striatal 
‘ablations described in this paper interrupt simultaneously the cortici- 
‘fugal and the corticipetal connections alike. Further, there is no way 
to distinguish between the results of interruption of projection systems 
which discharge into the sensory nuclei of the thalamus from those 
which discharge into the motor nuclei of the general brain-stem (globus 
pallidus, the substantia nigra, the pons nuclei and the tegmentum of the 
subthalamus, midbrain and medulla oblongata). 

The fact that the increase in activity was usually delayed after 
cortical lesions but appeared almost immediately after striatal lesions 
is difficult to explain. It occurred to us that the greater delay in the 
increase resulting from cortical lesions as compared with the striatal 
lesions might be due to the fact that the cortical lesions were bilateral 
and produced a greater shovk due to the greater amount of extirpated 
cortical tissue. However, a strikingly sharp increase was shown in an 
animal after bilateral removal of prefrontal cortex and of the tip of the 
striatum. In this animal the removal of the prefrontal cortex of both 
sides did not prevent the appearance of a sudden increase in activity. 

The fact that the same operation produced unequal increases in 
activity in different animals, and also that unilateral lesions produced 
a larger increase than bilateral lesions in some animals, may possibly 
be explained in terms of the greater variation of a phylogenetically 
newer system. Of course, the condition of the animals, as well as the 
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animals’ adjustment to the cage and the surroundings, may play an’ 
important part in modifying the results. : 
/ SUMMARY. , 

(1) Permanent overactivity was produced in five macaques by gross 
unilateral or bilateral removal of the frontal poles of the brain. 

(2) These lesions included the prefrontal cortex and the tip of the 
caudate and putamen. o. 

(3) Unilateral removal of the prefrontal cortex in two animals 
produced only a slight increase in activity. Subsequent removal of the 
other prefrontal cortex produced a great increase. 

(4) Unilateral andebilateral removal of Areas 8, or of 10, 11 and 12 
in two animals, had little or no effect on activity. 

(5) Bilateral removal of Area 9 produced a definite increase in 
activity in two animals. ` 

(6) Overactivity was definitely produced in three animals by removal 
of the tip of the caudate and putamen after the previous removal of the 
prefrontal cortex on the same side had. failed to produce an increase. 

(7) It was concluded that activity is definitely controlled through 
the prefrontal cortex, particularly Area 9, and also through the 
striatum. , 
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SPONTANEOUS HAIMATOMYELIA: A SHORT REVIEW 
AND A REPORT OF CASES ILLUSTRATING INTRA- 
MEDULLARY ANGIOMA AND SYPHILIS OF THE 
` SPINAL CORD 4S POSSIBLE CAUSES. 


BY J. CLIFFORD RICHARDSON. 
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(1) INTRODUCTION. ° 


Hæmorrhage holds one of the leading positions amongst the causes 
of disease in the nervous system. Hemorrhage into the spinal cord is 
decidedly rare, in contrast with the frequent occurrence of cerebral 
hemorrhage. This has been explained by the fact that the spinal 
arteries are long, narrow and tortuous, being subjected to less severe 
pressures than the, cerebral vessels (Williamson, 1911). . The clinical 
picture of intraspinal haemorrhage, spinal apoplexy, was first described 
as an entity comparable to cerebral hamorrhage early in the nineteenth 
century. The term “ hématomyélie” was introduced by Ollivier 
d’Angers (1827). 

The usual conception of hematomyelia is that of a large intra- 
medullary spinal hemorrhage with a tendency to spread longitudinally 
over several segments. It has been further designated as “ tubular ” 
and as “annular” hematomyelia. The hemorrhage shows a marked 
predilection for the grey matter, a fact that seems adequately explained 
by the looser texture and greater vascularity of the grey substance as 
compared with the white. The posterior horns are invaded more often 
than the anterior horns. Experimental proof of a tendency to spread 
in grey matter mechanically has been provided by the experiments of 
Goldscheider and Flatau (1897) and of Lépine (1900), in which fluids 
were injected under pressure into spinal cords. 

The causes of hematomyelia are multiple. Most authors state that 


1 From the National Hospital, Queen Square, London. 
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trauma is much the commonest of these. A second large group is that’ 
termed “spontaneous hematomyelia,’”’ which inclades these cases of 
primary hemorrhage without trauma. Hematomyelia has been de- 
scribed as occurring secondarily in syringomyelia, intramedullary spinal 
tumours, syphilitic myelifis, hemorrhagic diatheses, arteriosclerosis, 
miliary aneurysm of the spinal arteries (Hebold, 1885), and in acute 
myelitis. Smaller hemorrhages of no clinical significance may occur in 
some of the above conditions, in acute anterjor poliomyelitis, and in 
general acute infections and intoxications. The classification followed by 
Gowers (1886), and by Doerr (1906-7) in his comprehensive review is: 
(1) Traumatic. (2) Spontaneous. (3) Secondary (tumour, syringo- 
myelia, &c.). (4) Accgssory (small heporrhages not giving rise fo any 
clinical symptoms). This last group should probably not be included 
under the term “‘ hematomyelia ” with its customary, though arbitrary, 
meaning of a large central hamorrhage. 

Arteriosclerosis and hypertension, which are of such prime impor- 
tance in cerebral hemorrhage, have been shown to play little or no part 
in the ætiology of heamatomyelia. The age incidence of the latter is 
earlier than that of cerebral hamorrhage, being commonest in the 
twenties. Men are much more commonly affected than women. In 
Doerr’s review of thirty cases with autopsies, there were’ twenty men 
and ten women. 


Age in Years -» 0-10 11-20 21-30 81-40 41-50 51-60 61-70 
No. of Cases ae 1 6 11 5 1 2 4 


£é 


This report is particularly concerned with the “spontaneous” type 
of hematomyelia. On account of the great rarity of the condition, 
and of the uncertainty of data in many previous writings, the ‘subject 
is one of many conflicting views. . Gowers cOmmented on the need for 
an accumulation of more exact observations, and the need still remains. 
More detailed considerations of stiology will be discussed after the case 
reports. a l 
(2) CAsE REPORTS. 


Descriptions of four cases of hematomyelia follow, three with post- 
mortem findings, and one clinical report of a non-fatal case. 


| Case 1—Hematomyelia caused by an angioma. <A young man, aged 25, 
who was a patient in the National Hospital, under the care of Dr. Hinds Howell, 
fron. November 19, 1936, untel his death on December 13, 1986. : 

Clımcal History.—He was well until October 1, seven weeks before coming 
to hospital. At that time he noticed a gradual onset of numbness in the toes 
and in the ball of his right foot. There was a tingling sensation whenever he 
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put his foot to the ground. During the first week the numbness gradually 
spread upwards to involve the whole foot; then in another fortnight the back 
of the right leg amd the inner surface of that knee also felt numb. One week 
after the onset ofesymptoms he began to have a constant dull ache across his 
back in the lumbar region, which was agg gra'vated particularly by bending his 
head forwards. Ëh the fourth week he began to have an intermittent slight 
weakness of his right leg. On October 31 he found while playing football 
that he could not run or kick as well asusual. The next day hislegs and back 
were stiff and painful. On November 2nd the pain in his back and legs in- 
creased and kept him awake all that night. In the afternoon he vomited 
several times and there was a rapidly progressive weakness of his legs so that 
by evening he could not stand. On November 4 the legs were completely 
powerless and anaesthetic. The pain had then disappeared from his legs but 
remained severe in his back. He had complete retention of urine and feces. 
From that time, that is for two weeks before coming to — he remained 
in the same condition. 

His past health had been good. Two weeks before the onset of his illness 
he had an infected scratch on his left forearm, which discharged pus in small 
amounts for several weeks. He also developed a large pustule on the left 
index finger three weeks before admission. 

Clinical examination. He was a tall muscular young man, whose legs were 
paralysed, and who was obviously in great pain. The cranial nerves were 
normal except for a fine nystagmus on full lateral deviation of the eyes. He 
was unable to sit up, and on trying to do so there was a deviation of the 
umbilicus upwatds and to the left. The legs were flaccid and completely 
powerless. The tendon reflexes were normal in the arms, absent in the legs. 
There was no response to plantar stimulation. The right upper abdominal 
reflex was feeble, the right lower absent; those on the left were both normal. ' 
All forms of sensation were absent below the 12th thoracic segmental level 
on the right and the 1st lumbar level on the left. A higher band of moderately 
impaired sensation to pin-prick and heat and cold was present between the 
5th and 9th thoracic levels on the right, with a band of hyperalgesia between 
it and the region of complete loss (fig. 1). There was a fairly prondunced 
tenderness over the lower lumbar vertebral spines. Both knee joints were 
swollen and contained fluid. 

The temperature at first was normal except for occasional rises to as high 
as 100° F. There was no leucocytosis or anemia (R.B.C. 5,200,000 per cu. mm.: 
Hb. 95 per cent.: W.B.C. 7,600 per c.mm.). The urine contained many pus 
cells. The cerebrospinal fluid was clear, colourless and under normal pressure, 
with no signs of block on jugular compression. Cells were not increased in 
number. ‘Total protein was raised to 0-09 per cent., and the Pandy test was 
weakly positive. The Lange gold curve was 0000110000. The Wassermann 
reaction was negative in the cerebrospinal fluid and blood. 

Summary.—A young man who had gradual onset of numbness and later 
weakness of his right leg for four weeks, then sudden severe pain in the legs 
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urinary tract. 
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and back, followed by complete paralysis of legs, bladder and bowel. Exami- 
nation suggested a complete transverse lesion of the cold at about the first 
lumbar segment, with a higher intramedullary lesion from Sth to 9th thoracic 
segmental levels. A i 
A provisional ‘clinical diagnosis of acute myelitis was méde, but as he had 
at the time of onset of his symptoms a purulent infectedstvound of his left 
forearm, and later developed a large pustule on the left-ndex finger, the 
possibility of a staphylococcal abscess in the epidural space could not be ruled 
out. An exploratory laminectomy was therefore performed, with a negative 
result, 
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Fra. 1.--Case 1. Chart of sensation showing the upper band of impaired sensation to 
pin-prick, heat and cold on the right side from Th.5 to Th.9, and complete loss of all forms 
of sensation below a level of Th.12 right, and L.1 left. 


Tendon reflexes are indicated. 


He became progressively worse owing to an intractable infection of the 


death on December 13. 


swelling in the lumbar enlargement. 


and situated in the right posterior horn. 


He developed high fever and a mild toxic jaundice before his 


Post-mortem examnation.—Autopsy showed the cause of death to be an 
acute suppurative pyelonephritis with a gangrenous cystitis. 


On the surface the spinal cord looked normal except for slight diffuse 


On sections the cord showed a-rounded, 
tubular cavity containing blood-clot, running down from the lower part of the 
4th dorsal segment to the lower end of the cord. Above, the cavity was small, 


Lower, at the junction of the 9th 
and 10th thoracic segments it became more median, lying at the apex of the 







: ns just bet posterior commissure. In the 19th 
gment the — was Mt ch larger and passed across the mi 
16 grey com: nissure.. It. became largest, nearly I em. in. diameter 
ex border of ie: ae lumbar segment, and below this ran down a 
avity in the posterior ¢ columns to the lower end of the cord (fig. 2). 



























1 Fra, 2.—Case 1. A drawing of sections of the spinal cord at various levels, moar the 
position of the bæmatomyelia. A central column of blood is present from Th.3 to B.E 
£ gments, The angioma is indicated in the Ist lumbar segment. Above, the hemorrhay 
ee sine me right posterior horns: below, it is in the posterior columns, ; 










| Eoia “The — at sensory — from 5th to 9th those ee ne 
levels was due to haemorrhage in the right posterior horn. “From the 
ie 12th thoracic levels the hemorrhage had spread out of the grey m 
E — andi in those dermatomes sensation was preserved. At the 1st lumbar segiient 





eT —j —íï— ee re 


22 ORIGINAL ARTICLES AND CLINICAL CASES 


the massive hemorrhage had caused a complete transverse lesion, below which 
motor power, sensation and reflex activity were lost. 

Histological examination.—On the posterior part of the section through the 
area of largest hemorrhage one could faintly distinguish macroscopically a 
small, oval, yellowish, porous-looking area of abnormal tissue.” Microscopically, 
this was found to be a small angioma confined to that ségment (fig. 3). It 
consisted of a localised collection of large and small thin-walled blood sinuses. 
In a few of these the structure resembled normal veins, but they mostly 
consisted of a thin layer of collagen, with a sing® lining layer of flattened 
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Fic. 3.— Case 1. Section through the angioma, showing a ruptured vessel and the 
adjoining large hæmorrhage. (x 6.) Hematoxylin and Van Gieson. 


epithelium. There were some localized hyaline thickenings of the walls. 
The tissue between these sinuses was composed of hyperplastic glial tissue 
infiltrated by hemorrhage, of scattered bands of connective tissue and some 
nerve fibres. An actual point of rupture of one of the larger sinuses could be 
seen in some of the sections. 

The clinical symptoms suggest that a slow leakage occurred at first, then 
a more massive hmmorrhage. This severe hemorrhage following a game of 
football was probably provoked by the spinal venous congestion ensuing upon the 
strenuous exertion. Trauma was in that sense a secondary precipitating 
factor. 

The hwmorrhage appeared recent, being composed of intact red blood-cells 

















euronopbaia and — out “of : cells (Plate I, fig. ri 





cee -Vascular tumours ‘anfl malformations of the spinal cord are rare, „b 
in the cases reported | hematomyelia is not an uncommon complicatii 
Lissowsky (1933) reports a case in a 49-year-old man, very similar to 
the above described, in which there had been no symptoms prior tothe 
terminal hematomyelia. The vascular lesion was very similar to ours, a 
and was almost invisible macroscopically. Also in Buckley’s case (1936) oe 
of a large cervical angioma there was little or no clinical manifestation = 
until a hemorrhage in the grey matter extending to the lower thoracic 
region terminated fatally. In that angioma a more mature type of — — 
_ blood-vessel is described. Similar vascular lesions reported by Guillain, 
_ ‘Schmite and Bertrand (1932), by Ohlmacher and by Bremmer and 
Rossolimo (quoted by Lissowsky) have very similar features and were — 
complicated by hematomyelia. Russell (1932) reported a case of ao a 
capillary hemangioma of the spinal cord with extensive cavitation, which = — 
may have been the relic of a hematomyelia. Such “angiomata” are — 
probably developmental vascular malformations rather than true tumours. —_ -o 
— ‘They tend to occur in either the cervical or lumbar enlargements. — 
— True vascular tumour, or hemangioblastoma, may also occur in the -o / 
spinal cord, though much less commonly than its favourite site in the 
— cerebellum. (Lindau, 1930-31; Bucy, 1932). They are said to be 
situated in the posterior part of the cord almost exclusively (W olf. and 
= Wilens, 1934). They may or may not be associated with the features _ 
of Lindau’s disease (viz. cerebellar tumour, angioma of retina, and: cysts : 
_ of pancreas and kidney). Their true neoplastic nature is shown histo- 
s logically by endothelial proliferation, excessive formation of reticulin 
bres, and the absence of nerve fibres between the smaller vascular 
nnels. The association of hamatomyelia with these tumours is not. 
well defined as in the angiomatous malformations above described, 
spinal hemangioblastoma i is often associated with cystic cavitation { 
the cord or with syringomyelia, which may possibly in some cases be 
the end result of a hematomyelia, as suggested by Russell. Clinically 
hey are said to give rise to frequent exacerbations of symptoms. 
etailed considerations of the pathological features of the various types — 



































ere eh do e as a a vascular anonialy. 


Jase 2 pay © man, aged 58, who was admitted to the Na itiehal Hospital under 

es care of the late Dr. Kinnier Wilson on September 12, 1936, and died on 

Para muary 1, 1937. l 

Clinical history. —He was well until April, 1936, seventeen months before 
coming to hospital. At that time he was suddenly awakened at night by 


Severe pain across the lower abdomen. There was a rapidly increasing =. 


weakness of the legs in the next two days. Twenty-four hours after the 
= onset he had developed @ numb patch over the upper part of the front of his 








right thigh. After two days the legs, bladder and bowel were completely 
paralysed and he had a numb dead feeling up to the waist. In St. Mary’s 
Hospital soon after the onset an examination of the cerebrospinal fluid showed 
3 strongly positive Wassermann reaction, 15 lymphocytes per ¢.mm., a raised : 





globulin content and a meningitic gold curve. The blood — was also o => 


positive and he was treated by administration of iodide, mercury and bismuth. 
-~ He remained in the same state for the first month and then gradually 
recovered. Bladder and bowel functions returned to normal in the second 
- month. Power returned more slowly in the legs and he suffered a constant, 


- tight, painful sensation in the legs and about the hips, with painful flexor 


spasms of the legs. He was able to walk with crutches five months after 
the onset.. One year after the onset of symptoms he began to have much more 
severe pain in the legs and this brought him to hospital. 

- Clinical examination.—He looked old, thin, weak, and tortured by continued 
pain. The pupils reacted a little sluggishly to light, otherwise the cranial 
nerves were normal. The arms and trunk were normal. There was a severe 
spastic paraplegia, the right leg somewhat more rigid and weak than the left. 
There was some local wasting of the glutei, hamstrings and quadriceps. No 
definite sensory level could be determined on repeated careful examination. 
Appreciation of light touch was. slightly impaired over. both feet and legs below | 


the knees. The sense of position and passive movement. was grossly impaired — 


in the right foot and decreased on the left. Vibration sense was lost in both — z 


- The knee and ankle jerks were exaggerated with a right ankle clonus and 
l extensor plantar responses. 

mination of the other systems was negative except for fairly pronounced 
eviosclerosis in the retina and peripheral vessels, 

| -The cerebrospinal fluid was now normal and the Wassermann reaction was 
| negative i in the cerebrospinal fluid and blood. 

Summary. —This was a 58-year-old syphilitic male who, seventeen months 
— previously, had a sudden onset of severe abdominal pain and complete paralysis 
CH bladder and bowel. He recovered progressively for several months 








t marked weakness and rigidity of the legs remained. One year after the E 7 
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onset he began’to have more severe pain inthe legs. There was no sensory level 
but the muscular wasting suggested a lesion as high as the -&nd-Jambar 
segment, and the early history suggested a lesion as high as the 10th or llth 
thoracic segments? 

Dr. Wilson's clinical diagnosis was syphilitic “ thrombomyelia,” an apt 
term of his own invention designating thrombotic softening of the spinal’cord. 
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Fic. 5.—Case 2. Sections of the spinal cord in thoracic and lumbar segments, 
stained for iron to show the position of the old hemorrhage. (x 2°3.) 





In hospital the patient became progressively worse from an intervening 
infection of the bladder and bowel which led to his death twenty months after 
the onset of symptoms. 

Post-mortem examination.—Examination of the spinal cord showed slight 
thickening and sticky adhesions of the leptomeninges over the dorsal surface. 
Some softening could be felt in the region of the 12th thoracic segment. 








a area stain 
- area of old 
commissure ‘becat “dc 
lateral extensic to the aie and —— margin of “tHe Sind in the 12th 
thoracic’ and st and 2nd lumbar segments, tht nvolving the posterior 
column, base of posterior horn, and lateral: column i the 1st lumbar segment 
also. involved. the base of the anterior horn. — fn the 3rd. and 4th lumbar 
ments the haemorrhage was again small and tubular, and confined to the 
ght posterior column. — ne oag iS 
Histological Examination.—Microscopically, there was no cavity, nor were eS 
there any free red bload-cells. There was a heavy deposit of old brownish = 
~ blood-pigment, mostly contained in macrophages forming thick cuffs around — — 
F the vessels in the posterior columns (Plate I, fig.6). Several lymphocytes were 
- scattered amongst the pigment-laden phagocytes. In some areas the vessels _ 
© were surrounded by a pure round-cell infiltration. In other places the whole =. 
. thickness of the vessel was infiltrated by lymphocytes, sometimes causing 
— slight inward bulging of the intima. A localized inflammatory reaction of a 
_ this type was well defined in one large pial vein. This reaction, occurring 
-o distinct from the perivascular cuffing by macrophages containing iron pigment, 
was the most definite evidence of syphilitic vascular disease that was found. 
-< The exact source of hemorrhage was not detected, but it seems possible that 
rupture oceurred in one of these small syphilitic (?) vessels. | 
A dense glial scar was present in the area of pigmentation, most pronounced 
centrally, with a lateral projection through the posterior horn to the lateral 
column in some areas. Large astrocytes with heavy neuroglial fibres were 
-seen by phosphotungstic acid hematoxylin staining. There was also a 
< pronounced marginal gliosis, with tufts spreading into a thickened pia. 
~~ Pronounced local destruction of myelin and nerve fibres was shown by 
C Loyez stain as pale areas in the area of pigmentation and scarring (Plate I, fig. 7). 
| a was — a well- ‘defined —— — in the posterior — — 
















There have etn’ a few reports of syphilis as a cause sof hæmatomyelia = R 
— "though it would s seem. Tue, exit uncommon. In eee report of Bagon : 
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Case 3 — Spontaneous Cervical Hemani 


coco Phas was a 31-year-old man seemin consultation ab a L.C.C. Hospital by 
— DD Purdon Martin. I am grateful to him for the following clinical notes. 
| -— Clinical history. -~The patient was well until three weeks befor 
death. — 
His illness began. suddenly with severe pain in his neck radiating to z 
— ‘both shoulder blades. Severe pain persisted and the following day he 
gradually lost the use of his left arm. Micturition was difficult from. tbe o 
— onset, passing to complete retention just before his admission to hospital on — ee 
o the twelfth day of the condition. His left leg had been a little weak: for ao o 
-few days before coming into hospital. ——— 
Olinical examination.—The left pupil was slightly constricted, otherivine oe 
the cranial nerves were normal. There was a flaccid paralysis of the left arm _ as 
with absent reflexes. Power was good in the right arm, but all tendon reflexes ae 
were sluggish. Power was moderately impaired throughout the left leg, with = < 
slight. rigidity, increased knee and ankle jerks, and an extensor plantar o 
_ response. In the right leg power was normal, knee and ankle jerks normal, _ oe 
d plantar response doubtfully extensor. Sensation to pin-prick and cotton- 
ool was impaired over the 6th and 7th cervical dermatomes on the left, ae 
iere was a moderate impairment of sensation to. pin-prick over the whole 
ht side of the body below the 4th cervical distribution. — ‘The cereby 
id was normal: the protein estimation was 0-025 per cent. : there X 
idence of block; and the Wassermann reaction was negative i in the cere O- 
inal fluid and. blood. | e 
The signs thus clearly indicated an intramedullary lesion of the cerviec J 
ement extending up to the 4th cervical segment, and producing a Brown- 
syndrome. The diagnosis was considered to rest between some form 
-myelitis and a vascular lesion, probably the former. a 
i notes ‘of his progress are not available. He remained acutely ill: and 
tober 1 became unconscious. On that day he passed a blood elot from 
bladder. ‘There was thought to be a slight right facial weakness. He 
Tater on the same day three weeks after the onset of symptoms. —— 
-ost-mortem examination.—Nothing grossly abnormal was detected in 
rt r organs than the brain and spinal cord. The brain was generally eon- a 
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gested but showed no petechial hemorrhages or other focal macroscopic lesions. 
Examination of the spinal cord at autopsy showed an irregularly rounded 
hemorrhage into the left side of the cord from the 3rd %o the 7th cervical 
segments. The hemorrhage was mostly in the grey matter involving both 
anterior and posterior horns. Above, it extended also ipto the left lateral 
column. | — 

A portion of the cervical spinal cord was received for examination at the 
National Hospital pathological laboratory. The cord had been severely 
damaged in removal, so that the naked-eye pictur could not be satisfactorily 
studied in the fixed material, and only part of the mid-cervical cord was 
sufficiently intact for section cutting. In the sections made from the 6th 
cervical segment there was a well-defined transversely-lying oval area of 
hemorrhage in the leét lateral column Wig. 9). The anterior and posterior 
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Fic. 9.— Case 3. Recent hemorrhage in the left posterior horn and lateral column 
(x 5.) Hematoxylin and Van Gieson. 


horn cells on that side showed moderately severe degenerative changes, 
namely, central chromatolysis with poorly staining eccentric nuclei. The 
neighbouring blood-vessels in the cord were congested, but no vaséular disease 
or anomaly was demonstrable. There was no evidence of any acute inflamma- 
tory process. 

- The investigation in this case was necessarily incomplete. It serves merely 
to illustrate the clinical features of hematomyelia, with a rough picture of the 
pathology. Though no vascular weakness was demonstrated, it is quite 
possible that a source and a cause of the hemorrhage were missed. 


Case 4.—Cervical hematomyelia. Survival with residual weakness. 

A man, aged 38, who was in the National Hospital under the care of Dr. 
Hinds Howell. 

Clinical history.—This patient, a painter, was well until September 18, 
1935. On that morning, while at work, he felt a sudden pain in both arms 
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from shoulder to finger tips, which continued, and was followed six hours later by 
a noticeable weakness and clumsiness of his fingers. In the subsequent few hours 
the weakness in hiss hands increased to almost fotal paralysis. On awakening 
the next morning hès hands and fingers were powerless, and he was unable to 
move his right leg; the pain had then entirely disappeared. Power seemed 
good in his elbows, shoulders and in his left leg. He was too weak to sit up 
in bed. His hands at this time felt numbed and senseless. There was a 
numb, cold sensation over the right foot and leg up to the lower thigh, which 
spread up over the right thigh and the right half of the abdomen in the 
following hour. Also, on the second day, he had complete retention of urine, 
though he could feel his bladder distended. 

He was taken to Fulham Hospital on the third day of his illness. ‘There, 
the bladder.function gradually recovered, but his condition remained otherwise 
unchanged for two or three weeks. i 

About three weeks after the onset, power began to return in the right leg 
and the left arm. They improved rapidly for a fortnight and then more 
gradually up to tbe time of coming to hospital. The numb sensation of the 
right leg and lower trunk passed off entirely in the first few weeks. The 
right hand showed no recovery for three or four months, and remained much 
weaker than the left. Wasting was noticed in his hands a few months after 
the onset. l 

About four months after the beginning of his trouble he noticed, when 
taking a hot bath, that he could not appreciate heat with his left leg. This 
sensory disturbance remained unaltered from that time. 

Clinical examination.—The cranial nerves were normal except for a slight 
left ptosis. Motor functions were normal in the neck and shoulder girdle. 

Arms: There was wasting along the front of the right forearm, particularly 
on the ulnar side, and marked wasting of all the small musclés of the right 
hand. On the left there was wasting of the first dorsal interosseous muscle 
only. There was marked weakness in flexion of the right fingers and wrist, 
power being fairly good in extension. There was no weakness of movements 
at the shoulder and elbow. Power was good in the left upper limb except for 
slight weakness in flexion and adduction of the thumb. There was no 
inco-ordination or fibrillation of the arm muscles, and rapidly alternating 
movements were performed well. 

Trunk: Movement of the right side of the chest was considerably 
diminished, and the intercostal muscles below the third were felt to be power- 
less. There was some weakness of the right abdominal muscles, and the 
umbilicus deviated to the left. 

` Legs: There was no wasting of the leg musculature. Slight rigidity was 
noted throughout the right; the tone was normal in the left leg. Flexion 
of the right hip and dorsiflexion of the right foot were weak ; other movements 
were of normal power, with no weakness on the left. 

= Sensation: There was a moderate hypoalgesia to pin-prick over the trunk 
on both sides from the 2nd to the 10th thoracic segments, and over the ulnar 
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border of the right arm. Appreciation of heat sensation was slightly impaired 
over the left lower abdomen and over the outer part of the left leg. 


Reflexes : Right. èo Left 

„ - Biceps-jerk Normal e Weak 

.  Triceps-jerk Normal eo Weak 

1 Supinator-jerk Normal Weak 

Finger-jerk Absent +° Weak 
Abdominal Weak Normal 
: Knee-jerk Brisk Normal 

. Ankle-jerk | Normal .. Weak 
Plantar reactions Extensor Flexor 

Ankle clonus . None : Nore 


His gait was marked by dragging of the right foot. 

Summary.—A 38-year-old man who experienced a sudden onset of pain in 
the arms and then weakness of the hands. This was followed the next day 
by total paralysis of t&e hands, right leg and bladder, weakness of the trunk 
muscles, and subjective sensory loss over the right leg and right side of the 
trunk. Recovery occurred gradually with residual weakness and wasting of 
the upper limbs and a spastic weakness of the right leg. Loss of heat 
sensation was noticed in the left leg some time after the onset. 

Examination fourteen months after the onset showed weakness and wasting 
of the flexor muscles of the right hand and.wrist and of the mucles of the left 
thumb, with weakness of the right intercostal and abdominal muscles. The 
right leg was slightly rigid and weak. Sensation to pin-prick was impaired 
from .the 2nd to the 12th thoracic segmental areas bilaterally and heat 
appreciation was diminished over the left leg and lower abdomen (Th. 10 and 
11 and L.5). i 


Diagnosis.—The lesion in this case can be accurately localised as an 
elongated, central lesion in the cord, involving the anterior horns in the 
lower end of the cervical enlargement, spreading down in the posterior 
commissure and posterior columns, causing a dissociated sensory loss 
over both sides of the trunk and loss of deep sensation in the legs. It 
apparently extended out into the right lateral column at some point to 
cause the ipsilateral pyramidal tract signs and the partial contralateral 
sensory loss due to encroachment on the spinothalamic tract. 

The involvement is so well localized to the central part of the cord as 
to make a diagnosis of myelitis unlikely. The picture is rather like 
that of syringomyelia. The sudden onset in a previously healthy man 
makes one fairly confident of a diagnosis of haematomyelia with 
persistent cavitation and gliosis of the cord. 

It seems reasonable that some local vascular weakness was present, 
probably in the cervical enlargement, to account for this apparently 
spontaneous hemorrhage. In the absence of signs of arteriosclerosis 
and of syphilis or other infection, an intramedullary tumour, or vascular 
maldevelopment, such as in Case 1, are possibilities. 
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(e DISCUSSION. 


“a (i) Symptomatology. 

The onset of spontaneous hematomyelia is characteristically sudden, 
as these cases all, illustrate. In Case 1 the prodromal symptoms of 
, Spreading numbness and then weakness of one leg, preceded the rapid 
onset of a complete paraplegia. In Case 2 and 4 the symptoms 
reached their maximum gnly after twenty-four and forty-eight hours. 
Many reported cases have had a much more rapid onset, a complete 
powerlessness of the legs supervening within a few hours or even 
minutes. In fact Gowers and others doubted the possibility of 
prodromal symptoms in ee amd suspected that all 
such cases were myelitic in origin. 

Though symptoms vary with the site of the lesion, there is usually 
a total paraplegia of the legs, a definite sensory level below which all 
forms of sensation are lost, and paralysis of the bladder and bowel. 

Pain is said to be common but not invariable. It was a symptom 
common to all four of the cases here reported, and was a striking 
feature in the first two cases. The pain is probably of central origin | 
due to hemorrhage into the posterior horns. It seems unlikely that 
swelling of the cord, sufficient to compress the nerve roots, would occur. 
In all cases the initial pain in the affected limbs disappeared with the 
arrival of complete paralysis. In Case 1 there was also severe pain in 
the back which persisted throughout the illness. In the syphilitic 
case the occurrence of severe pain in the legs, a year after the onset, 
suggests a relation to the forming of a glial scar in the posterior horns. 
In Case 4 the minimal occurrence of pain corresponds with the sug- 
gested location of the hemorrhage, in that it did not apparently affect 
the posterior horns to any great extent. 

Tenderness over the vertebral spines, as was noted in one of these 
four cases, has been frequently described in, the older writings on 
hematomyelia. 

‘The prognosis in primary hematomyelia is difficult in view of the 
several different possibilities for the course of the disease. In severe 
cases death may occur in a few hours or days, and Doerr mentions 
two cases of sudden death. The rapidly fatal cases are chiefly those of 
hemorrhage into the cervical cord. In other cases a fatal outcome 
may result after a few days or weeks, in which the course is almost 
always secondary infection of the urinary tract, or decubitus. The 
three fatal cases here reported tall into this group, though in the 
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second case a terminal infection occurred as a much later event. 
Though exact figures are not available, it appears ‘that a large propor- 
tion of the cases are less severe and do not terminate fatally. It is in 
some measure characteristic of hematomyelia that tb symptoms, after 
reaching a maximum, often with an initial pictur@ of spinal shock, 
subside to a considerable degree. Gradual recovery occurs over a 
period of several months as in our fourth case, leaving permanent more 
or less severe paralyses and sensory loss. e` 

It is conceivable that a long, central hæmorrhage in the spinal cord 
may eventually result in a pathological and clinical picture very like 
syringomyelia. Minor suggested from such observations the “ hemato- 
myelogenous” theor} of development of syringomyelia.. Krause and 
Glatt (1934) and others have reported clinical observations corroborating 
the conception of central cavitation of the cord beginning as a 
hemorrhage. D. S. Russell’s report of angioma with cavitation and 
gliosis is a casein point. The fourth case here reported also had a final 
clinical picture not unlike syringomyelia. Though central cavitation 
and gliosis may undoubtedly be produced, the picture of true syringo- 
myelia or syringobulbia has its own distinct features and has not been 
reproduced by old hemorrhage. 

In this discussion of the symptoms and course of the diseases, the 
articles and reviews of Gowers, Oppenheim, Batten, Lépine, Minor 
and Doerr have been consulted. The reader is referred to those works 
for more detailed descriptions of clinical features, differential diagnosis 
and treatment. 

(1) Ætiology. 

As previously mentioned, it is generally stated in the literature that 
trauma is much the commonest cause of hematomyelia, but if one 
considers this in the usual sense of a large, central hemorrhage spread- 
ing longitudinally, if seems probable that the importance of this-factor 
has been exaggerated. -Someof the early case reports have been merely 
clinical without post-mortem confirmation. In other cases of direct 
injury to the cord, a localized pulping, softening and hemorrhage has 
been termed hematomyelia (Ballance, 1897; Thorburn, 1889). The 
diagnosis of hematomyelia is often based on clinical findings suggestive 
of spinal cord damage over several segments, the assumption being that 
a central hemorrhage has occurred. 

Holmes (1915), in his study of spinal injuries of warfare, was 
impressed by the fact that hemorrhages were by no means the out- 
standing pathological feature of direct injury to the spinal cord. A true 
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hematomyelia, defined as above, was not found in any of his fifteen cases. 
“ Hæmorrhages, generally small, but occasionally of considerable size, 
are usually foundein these softened areas ” (at the site of injury), “ but 
they are more cbmmon and as a rule larger in grey, than in white 
matter. In many, cases, however, hemorrhages have been few or very 
small and they are evidently not a feature of the condition.” The 
distant lesions which he found over several segments on each side of the 
local pulping of the cordegand which seemed of much.more significance 
than hemorrhage, were oedema and softening, localized swelling of 
axones, degeneration of nerve-cells, patches of necrosis and vacuolation, 
and peculiar cylindrical non-hemorrhagic cavities. Similarly in 
contusion and concussion, heneorrhages were minute and scattered, 
and the striking features were cedema, softening, focal necrosis, and 
vacuolation of white matter. i 

Jefferson (1936), more recently, has expressed. the same opinion, 
minimizing the importance of hæmatomyelia in spinal cord injuries. 
He states that though local hæmorrhage is present at the site of a direct 
injury to the cord, it is not a feature of those cases of fatal contusion 
of the cervical cord in which the only gross lesion is a diffuse swelling. 
To quote from his article concerning spinal contusion: “It is doubtful 
whether such a state as ‘hsmatomyelia’ actually exists. It is more 
probable that the clinical syndrome which we call, and no doubt shall 
continue to call, * hamatomyelia,’ is due to a local neural disruption, to 
relatively bloodless contusion, rather than to intramedullary clot.” 

Granted that hemorrhage may occur over several segments in a few 
cases of spinal cord injury, and may well be most marked in the gray 
matter, it is then usually associated with marked softening, and is a 
hemorrhagic softening, rather than a pure, central blood-clot. 

The high incidence of traumatic hamatomyelia in the literature if 
further increased by terming “traumatic,” cases in which the preci- 
pitating factor of a hematomyelia was excessive exertion or mild direct 
injury (Zwirn, 1928; Fox, 1876; Sharkey, 1891). Oppenheim (1911) 
remarked on the difficulty in judging the importance of trauma in such 
cases, and Doerr pointed out that there was probably some underlying 
weakness of spinal blood-vessels. It seems likely that most of such 
cases belong in the group “spontaneous hematomyelia.” Thus, in 
our first case in which there was an intramedullary angioma, the actual 
hemorrhage was precipitated by the exertion of playing a game of 
football. 


The term, “spontaneous hematomyelia,’ is best understood as 
BRAIN--VOL. LXI, 3 
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meaning a primary, non-traumatic, elongated, central hemorrhage of 
the cord, occurring in the absence of preceding symptoms of a spinal 
cord lesion. It is difficult to conceive such a hemorrhage occurring 
from healthy vessels, and the writer takes the view previously emphasized 
by H. Brooks (1916), that there is always some fault ja the vessels. (In 
the latter’s four cases the hemorrhages’ were ascribed to syphilis and 
arteriosclerosis with an added factor of alcoholism.) In this sense such 
hemorrhages are really secondary, but the term “secondary hesmato- 
myelia’’ would he better reserved for those cases occurring with spinal 
cord tumour, syringomyelia and myelitis, which had in themselves 
previously produced spinal symptoms. Thus, in the first two cases here 
reported, the term spontaneous hemétomyelia is applicable. Though 
the hemorrhage was caused by a minute angioma, and by syphilitic 
vascular disease, the haemorrhage was the first clinical manifestation 
of spinal disease. 

A useful analogy can be drawn with the intracranial condition of 
spontaneous subarachnoid hemorrhage. In that syndrome there is 
always some vascular disease and we now recognise “ berry ” aneurysms 
of the circle of Willis to be much the commonest form of this. In the 
much rarer condition of spontaneous hematomyelia, observations are 
too few and incomplete for any comparable certainty of our knowledge 
of etiology. Intramedullary vascular tumours and malformations may 
eventually prove the commonest causes, with syphilis, acute myelitis 
and arteriosclerosis contributing 4 smaller share. 


(ili) Summary. 


Four cases of the rare condition “spontaneous hamatomyelia”’ have 
been presented. The first and second of these exemplify two of’ the 
causes of the condition. , 

In the first case there was a small angioma in the Ist lumbar 
segment of the spinal cord which had ruptured, causing a central 
hemorrhage from the 4th thoracic to the lowest sacral segment. The 
“ angioma ” was considered a developmental vascular lesion rather than 
a tumour. Previously reported cases having a similar cause have been 
cited. 

The second case was one of old hematomyelia occurring with 
syphilitic meningomyelitis. A central hemorrhage has occurred from 
the 9th thoracic to the 5th lumbar segment, leaving an elongated strip 
of gliosis containing a large amount of old blood pigment. 

The third case was one of cervical heematomyelia in ‘which the exact 
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cause was not demonstrable, since pathological examination was incom- 
plete. In the fourth case hematomyelia was not fatal, but left 
permanent sensoryand motor changes resembling those of syringomyelia. 

The clinical fe§tures and causes of spontaneous hematomyelia have 
been reviewed with reference to these cases. 

Traumatic hematomyelia has assumed a false position of importance 
in the incidence of-true hematomyelia. Hemorrhage is often over- 
stressed in the conceptioneof the pathology of spinal cord injuries. 

Spontaneous hematomyelia should be considered as primary, non- 
traumatic hematomyelia, and is probably always due to disease or 
maldevelopment of the spinal vessels. Vascular maldevelopments, 
similar to that found in Case 1, cemprise one of the commonest known 
causes of the condition. . 

These cases were studied clinically and pathologically at the National 
Hospital, Queen Square, during the tenure of a resident staff appoint- 
ment. Iam very grateful to Dr. J. G. Greenfield for the photomicro- 
graphs and for his great assistance in the pathological examinations. 
My thanks are also due to the above-mentioned Honorary Physicians 
for permission to publish the cases. 


REFERENCES. 


Banuanck, C. A. (1897.) Lancet, 2, 311. 

Barren, F. E. (1910.) ‘' System of Medicine,” Albutt and Rolleston, London, 7, 680. 

Brooxs, H. (1916.) Amer. J. med. Sci., 151, 100. ° 

Buckury, A. C. (1986.) J. nerv, ment. Dis., 83, 422. 

Bucy, P. O. (1982.) Surg. Clan. N. Amer., 12, 1323. 

CHEVALLIER, P., and Drsornun, H. (1980.} Rev. Méd., 47, 486. 

Ononae, M. F. (1926.) Arek. Derm. Syph., 14, 111. 

D'ANGERS, O. (1827.) ‘‘Traité des Maladies de la moelle épinière,” 3rd Edition, Paris, 
quoted by LÉPINE, DOERR, ROGER, &c. 

Doerr, ©. (1906-7.) Dsch. z. Nervenheitk., 32, 1. 

Fox, HE. I. (1876.) Med. Times, Lond., 2, 219 

GOLDSOHEIDER, À., and Fuarau, E. (1897.) Z. kan. Med., 31, 175. 

Gowers, W. (1886.) ‘‘ Diseases of the Nervous System,” London, 4. 

GUILLAIN, Q., ScumitTe, P., and Berraanp, I. (1932.) Rev. Neurol., 1, 420. 

Hepsoup, O. (1885.) Arch. Psychiat. Nervenkr., 16, 813. 

Houmms, G. (1915.) Brit. med. J., 2, 769, 815, 855. 

JEFFERSON, G. (1936). Zbid., 2, 1125. 

Krause, F., and Guarr, R. (1984). Dsch. z. Nervenherlk., 13%, 199. 

Leping, J. (1900.) Thése de Lyon, Gaz. hbd. Med. Clur., B, 589. 

Ginpao, A. (1930-31.) Proc. Roy. Soc. Med., 24, 863. f 

Lissowsky, P. (1933.) Zt. ges. Newol. Psychiat., 148, 691. 

Minor, L. (1892.) Arck. Psychiat. Nervenkr., 24, 693. 

OPPENHEIM, H. (1911.) "Textbook of Nervous Diseases,” 5th Edition, Edinburgh. 

Rocer, H., ANTONIN and Ponso. (1928.) Gaz. Hôp., Paris, 401, 1809. 

Russer, D. S. (1932.) J. Path. Bact., 35, 103. 

SHARKEY, S. J. (1891.) Lancet, 14, 1187 


36 ORIGINAL ARTICLES AND CLINICAL CASES 


THoRBURN, W. (1889.} ‘‘ Contribution to the Surgery of the Spinal Cord,” London. 
Wrurtamson, R. T, (1911.) ‘‘ Diseases of the Spinal Cord,” London. 

Wotr, A., and WILENS, 8. D. (1984.) Amer. J. Path., 10, 545. 

ZWIRN, EBERHARD. (1928.) Dsch. z. Nervenhelk., 104,17. - * 


LEGENDS FOR PLATE 


Fig. 4.—Case 1. Anterior horn cells in the eleventh dorsal segment showing degenerative 
changes caused by the neighbouring hamatomyelia. Neuronophagia is well marked. 
{x 400.) Nissl stain. 


Fre. 6.—Case 2. Masses of old blood pigment forming cuffs around the vessels in the 
posterior columns. (x 100.) Prussian blue reaction. 


Fig. 7.—Case 2. Twelfth dorsal segment. Pale area of myelin destruction in the region 
of old hæmorrhage, involving the right posterior column, posterior horn and lateral column. 
The meninges are somewhat thickened. (x 7°6.) Loyez stain. 


Fira. 8.—Case 2. Second lumbar segment. Local myelin destruction and descending 
pyramidal tract degeneration. (x 7'8.) Loyez stain. 


PLATE I. 





Fig. 4. 





Fig. 8. 


To illustrate article by J. Clifford Richardson. 















IN PATIENTS WITH CHIASMAL 
"LESIONS! 
ae CORNELL AND ALAN J. MOONEY. 


IN the majority. of cases of pituitary tumour the optic discs are pale, | 
pot in a certain number ases the discs are normal in appearance or 
“within normal limits.” | ° e 

< When the existence on a tumour in the neighbourhood of the chiasma ee 

-< has been finally established and the early case notes are reviewed in ; 

retrospect, doubt has sometimes been cast on the observation that the 

` dises were normal in appearance. There is a widespread notion that in E 

patients with the gross field defects. that are found in such cases the 

dises must have been atrophic in appearance and some surgeons have 

been inclined to question the accuracy of the ophthalmologist’s 

observation. This series of case reports is an attempt to show that 
his considered judgment may be a valuable element in diagnosis. 

The paper is based on six cases of tumour involving the chiasma in 

which the dises were normal. | | 


Case 1.—K.F., male, aged 38. Headache, —— an de fotina, — 
_ Bitempor al hemianopsia. Dises normal. . Gross enlargement of prtiri 
: atio ochiasmal pituitary adenoma. Death. 


with actite —— The acute pain was felt —— in the frontal al and 
oceipital regions, but occasionally © ‘seemed. to come out through my ears.’ i 
Jn a April 1936, vomiting ; started. Tt was provoked particularly by any > 







— — medical aad neurological examinations were 
negative. Ophthalmological examination showed: Right eye, corneal nebula. ` 
Vision corrected fs), J 2. Left eye, small foreign body in the cornea. Slight — 

sion ‘corrected vz, J3. Fundi norma il. Ocular movements 
and pupillary. reactions normal. Visual fields showed complete bitemporal 






l From thie Neurological Department of the Richmond Hospital, Dublin. 





SL ARTICLE S AND: 

E ye. Basal metabolic 
mann: reaction negative. 
an éxtremely large sella 
e a7, 1936 : Gea exposure sai a. f egign. The right optic 
ye passed straight backwards from the optic foramen. “Ik appeared normal. 
irst sight the pituitary fossa appeared empty, but. when the nerve was 
d backwards a tumour appeared in the middle line below the chiasma. 





akel at the macula in ] 




















-A needle was passed into it and some old blood’ Vas aspirated. An incision — 


i ` opened a firm-walled cavity containing a considerable amount of dark blood. = x 
With a eurette and with pituitary rongeur forceps, & small amount of tissue ee 
which seemed to line the wall of the cavity was removed and part of the wo es 


was excised. The condition seemed to be that of a hemorrhagic cyst in 





Fig, 1 


— tumour and if was hoped that the evacuation of the cyst would be 
sufficient to relieve the patient's symptoms. The wound was closed. The 
patient seemed to be recovering ee but torty- eight hours after ` the.. | 
operation he became comatose and died. — ioe e 
—— ‘Post-mortem examination revealed a » large p y tumour 
s the 3rd ventricle and extending backwards to the ) pons. . The op asm 
| “was reduced to a thin membrane as it stretched across the front of the tumour 
A fig. 1). Below the chiasma were the remnants of the eyst which had been 
evacuated ab the operation. Even when distended wit! : blood it did not seem 
probable that the cystic portion would have pressed o ie optic nerves, The 
optic nerves seemed to emerge abruptly from the anterior surface of the. 
flattened chiasma ; ‘they were not flattened. On. the. upper aspect of each 
nerve at its junction with the chiasma was a deep- groove caused by the 
anterior cerebral artery. 
Microscopic diagnosis; chromophobe — 




















ON NORMAL DISCS IN PATIENTS WITH CHIASMAL LESION 








Case 2-—-D. O., male, aged 40 years. Headache and vomiting for five 
months. Nearly blind. Discs normal. Pituitary insufficiency. Operation, 
retrochiasmal tumour. Recovery of vision. Left homonymous hemranopsia. 

The patient wag referred to the Richmond Hospital, Dublin, on July 12, 
1937, by Mr. Deane, of Belfast, on account of blindness. 

About the middle of March, 1937, he noticed that “ words ran into each 
other,” and later that his vision was “misty.” Occasionally he had 
diplopia. 








A diagnosis of nicotine poisoning was made, but appropriate treatment for 
that condition had no effect. 

In April he began to suffer from headaches, which were very severe at 
their onset. He had one attack of vomiting after a meal and frequent attacks 
of nausea. 

He had been putting on weight for the past two years and “had not to 
-shave as often as formerly.” 

Examination.—Fat, flabby and pale in appearance. The chin looked as if 
he had never shaved and was sparsely furnished with hair. He was intelligent 
and co-operative. No abnormal neurological findings. 

July 14, ophthalmological examination. Right eye, no perception of light, 
pupil inactive. Left eye, perception of light in nasal field and pupil reacts to 
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stimulation of temporal side of retina. Discs normal, arteries small, veins 
slightly congested. : 

The floor of the sella turcica and the dorsum sella were eroded. 

July 18, ventriculography showed that the outline of the 3rd ventricle was 
transverse rather than vertical, and this suggested the presence of a large 
tumour encroaching on the ventricle from below. * 

Operation, right transfrontal exposure of the chiasmal region. 
was opened and the anterior part of the falx resected. The 
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mesial aspects of the frontal lobes were adherent behind the free edge of the 
falx. Elevation of the right frontal lobe exposed the right optic nerve, which 
was normal in its appearance and course. The chiasma was exposed, 
apparently pushed forward by the tumour which appeared below and some- 
what in front of it. A needle was passed into the growth and some yellowish 
fluid withdrawn. It was not oily. An incision allowed a large quantity of 
this cystic fluid to escape, and the cyst wall collapsed. A portion of the wall 
was removed and the wound closed. 

-~ The patient was very irritable and disoriented for several days after the 
operation, but on the sixth day he became rational and said that he could see. 
On the tenth day he was reading the newspaper comfortably. 
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Perimetry on n August 8, 1937, showed a left homonymous kom Ao f 
E (fig. 2), and further improvement was shown in the oharts made on September 15 
— and November 7 (fg. 3). i 
— Microscopic ings: u adenoma. 









— 3. =u D,” maie, ‘aged 34. Spontaneous subarachnoid hemorrhage. — 
dache and failing viston. Bilateral central seotoma. Normal discs. 
peration, subchiasmal aneurysm opened and packed with muscle. Complore 
relief of headache and disappearance of scotomata. | 
The patient was admitted to the Richmond Hospital, Dublin, — 1k; — 
1936. 
History.—The patient had been in perfect health until May 16, 1936. On : 


.. that day at 7.30 p.m. he was brushiag his clothes when he cried out suddenly a 
coo cand fell to the ground unconscious. He vomited several times before the- ae a 
ambulance arrived. On admission to the Meath Hospital at 8.55 pm.he was o 


= unconscious. The right side of the body was in a state of flaccid paralysis- | 


. vand the left in a state of spasm. He was grinding his teeth and had bitten . 
-< his tongue. -The pupils reacted to light. About an hour after admission he . — 
became very restless and his left arm and leg had to be held forcibly. He was — 


- imcontinent of fæces. A quarter grain of morphia made him quiet and he 
oe slept. There was a small lacerated wound over the right eye. Next day the 
right hemiplegia was less marked and he rapidly regained power in his limbs. 
For two days he was extremely restless except when under the influence of 
morphia. He talked incoherently and vomited everything that was given to 
© him. 
py May 19 he was auei and Bpparenhy more conscious of his surroundings. 
— Vomiting continued. 
- May 20: Dr. H. Lee Parker saw — and made the following nete: “No 
3 olar evidence of illness prior to recent episode. At present: complaining of. 











headache; is somewhat drowsy and stupid and remembers notbing prior to. — 
Saturday, May 16, at 2 pm. He converses rationally and has no speech — 





a defect. Examination shows suggestive cedema of both optic dises, but itis not 





- definite. Weakness right side of face and slowness in the movements of the 
-~ right arg and leg. Tendon reflexes more active on left side. Plantar response 
— flexor both sides. Neck rigid. Kernig positive.” 

< He suggested the possibility of rupture of a congenital aneurysm of the 

cle of Willis and recommended lumbar puncture. The cerebrospinal fluid 

ntained much blood. The Wassermann reaction was negative. 

: From this date the patient made a rapid recovery except for the persistence 










; 1936. 
Shee” On July 2 22 he got a sensation as of something spinning in his head, and 
a7 fell. He could hear, but could not move his limbs. The attack lasted but 
afew minutes. After this attack the headache returned, and became so severe 
that he was admitted to the Richmond Hospital on August 11, 1936. 





a dull wandering headache. He left hospital apparently well on June 25, s 





AL ARTICLES AND CLINICAL CASES 





ORIG! 
Examination.—Blood-pressure systolic 95 mm., Hg, diastolic, 60. There- 
were no neurological signs or symptoms with the exception of nystagmus on 
extreme lateral deviation of the eyes. The optic discs were normal and the 
visual fields full. R.V. corrected, js. L.V. corrected, $r. The defective 
vision recorded was probably due to the fairly high refractiye error, the patient 
not having worn glasses previous to his admission to hospital. The cerebro- 
spinal fluid showed no increase in the number of cells or in the amount of 
protein. Pressure 120 mm. of water. Radiographic examination of the skull 





Fig. 4. 


showed no abnormality, while that of the chest revealed considerable fibrosis 
but no active pulmonary disease. | 

' September 25: Encephalography. Nothing abnormal was disclosed. 
Exacerbation of headache. Headache Icontinued and became worse until 
October 30, when the patient complained of blurring of vision. 

November 1: Vision, right eye sx: left eye 7. Perimetry revealed a 
central seotoma in each eye (fig. 4). That in the left for red objects only. 

The flaccid paralysis of the right side of the body immediately after the 
initial attack of subarachnoid haemorrhage suggested a sudden anemia of the 
left side of the brain probably due to rupture of an aneurysm of the left 
common carotid artery. There was no satisfactory explanation of the bilateral 
central scotoma. Bitemporal defects, both scotomatous and non-scotomatous, 
have been described in cases of aneurysm of the circle of Willis, but we found 
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no record of a bilateral central scotoma. It was decided fo explore the chiasmal 
region. 

- November 9, 1936: Right transfrontal exposure of chiasma. The right 
optic nerve was straight and normal in appearance. No fumour was seen in 
the pituitary fossa, but when the chiasma was exposed, a dark rounded tumour 
appeared just below it. When touched with the forceps if gave the impression 
of being elastic and tense. Pulsation was not seen. The aneurysm was 


opened and muscle immediately pushed into the opening. This stopped the 
° 





Fra. 7. 


voluminous bleeding. The muscle was held in place for fifteen minutes. The 
flap was then replaced and the wound closed. 

The patient made a rapid recovery and the headache did not return. 

The changes in the visual fields (figs. 5and 6) were at first alarming, but 
the final chart (fig. 7) showed complete recovery of vision, and the last report: 
on October 7, 1937, indicates perfect general and visual health. 


Case 4.--D. S., female, aged 49. Long history of headaches. Recent onset 
of vomiting, polydipsia and polyuria. Bilateral central scotomata and later 
bitemporal hemianopsia. Dises normal. Operation, nerves normal, no tumour 
seen. Post-mortem examination, retrochiasmal tumour. | 

The patient was referred to the Richmond Hospital on October 6, 1937, as 
a pituitary tumour by Dr. R. H. Micks, to whom we are indebted for the 
following notes. 
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PATIENTS WITH CHIASMAL LESI 





ON NORMAL DISCS IN 


Previous history.--At the age of 18 she had pleurisy and at 20 she had 
what was described as exophthalmic goitre. About ten years ago headaches 
started and have centinued. They were described as “ pressure on the bead.” 

June, 1936, she began to suffer from excessive thirst and the passage of 
large amounts of urine, “ That was the first thing.” At the same time she- 
had bronchitis.  * 

July, 1936, she stated that she was treated in a London hospital for goitre | 





Fie. 8. 


and was given thyroid extract. Vomiting began at this time and made the 
headache worse. 

March, 1937, she noticed that the vision of the right side of the right eye 
was blurred and about a week later that of the left side of the left eye was 
similarly affected. She occasionally had double vision. 

April, 1937, her eyes were examined by Dr. L. Werner who reported : 
Right eye vision, corrected, 7s centro-cecal scotoma for colour. Left eye 
vision, corrected, $, centro-cecal scotoma for colour and relative scotoma for 
white. Fundi normal, peripheral fields full. Because of the history of early 
impairment of lateral vision special attention was devoted to the peripheral 
fields, but no defect was discovered in them. Wassermann reaction negative. 





















n ië. id gland was not 
ged ~ General neu ological SO was ‘neg ative re Basal metabolic 
as me A, Average fluid intake 170 oz. ——— 180 bz. Bee -pressure 











Maimologzent examination.-R.V. fingers at ine feet. LN. fingers e 
¿Discs normal. Visual fields (fig. 8). œ — 
— examination by Dr. T. G, Hardman. 






“The pituitary f fossa is 





Optic chiasma 
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tion of the ohuning — Cranial bones are very 7 — 





articularly. in o 










ia The usual 
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nner surface. 
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—— wiser to — — rest af the operation, “All bleed ng was controlled — 
and the wound closed. | ! . 

The day after this operation the dahoni still — igi 7 if s F 
tomperatare was subnormal and the thirst and polyuris — had : 














\ — 18, 1937. Seoni Harpia Local — The bode: fa | 
as turned. down and the usual exposure of the chiasmal region made. Y 
ma v as somewhat. but. not markedly prefixed and the optic nerves 
nori alin appeatance. and course. There was no sign of tumour, n 
be felt on exploration. of the pituitary fossa. As the patient had. be 3 
stless all through the operation it was not thought right to split the eh 
and proceed farther, moreover it was thought that a transventricular: approa 
through the foramen of Munro might be better. The wound was then close 
l The pulmonary condition became rapidly worse after this operation an 
the third day developed into definite pneumonia. She died two days later. 
Post-mortem examination- —The floor of the 3rd ventricle bulged down- 
< wards, widening the interval between the optic tracts and displacing the chiasma: : 
_ forwards. The remnant of the pituitary gland was attached to the tuber _ 
cinereum. When the optic nerves were drawn downwards the anterior wall of 
the 3rd ventricle appeared to bulge also and it was embraced by the anterior __ 
' Lees 
Fig. 9 shows a drawing of the region in mesial section. 
-The optic nerves appeared to be normal in every respect. | 
Microscopic diagnosis: craniopharyngioma. The pituitary gland itself wa — 
normal. ues 
The following case may be cited in this connection although the chiasmal — 
region was not inspected during life. : 




































Case 5.—D. J., male, aged 29. Failing vision and photophobia for three 
years, along with development of acromegalic appearance. Severe headaches. : 
Normal. discs. Left homonymous hemianopsia. Greatly expanded sella. 
-Prans-sphenoidal operation. Slight relief. Four months later two attempis to 
expose growth by transfrontal operation failed because of general pressure. 
: Fatality. three weeks after second operation. Post-moriem eraminatio 
yetrochiasmal tumour of the pituitary gland. 


The patient was admitted to the Richmond Hospital, Dublin, on Tene 
1929. Referred by Dr. Greene of Galway as a case of pituitary tumour. — i 
History. —Normal childhood and adolescence. Towards end of 1924 hig. 
right eye was struck by a gun trigger. There was some conjunctival — 
_ hemorrhage, but the eye was not injured. Libido had been absent for eight 
years. o 
In 1925 he began to complain of headaches starting over the right eye and 
radiating along the tight side to the occiput. 
In 1926 he noticed he could see more clearly with the right eye closed. J 
About the same time he began to suffer from photophobia. Change in facial 

appearance began. One attack of epistaxis. 7 

In 1927 there was fluttering of the right eyelid, then the right aye. closed 














for five to six ‘geeks the could raise it vol 7 a little Headache off 
and on till 1927, and ever since then had been continuous. | 
Examination. -Patient acromegalic in appearance, m mandibular prognathism, 
slight build otherwise. Complains of increasing drowsiness. All movements 
slow and deliberate, it takes him about one and a half hours. to get dressed. 
Hands enlarged, subeutaneous tissue thickened. Height 5 ft. 94 in. Weight 
126 lb. Blood-pressure 120/80. Urine normal in quantity and quality. 
Wassermann reaction negative. 
— Phe positive neurological findings were as foll@ws: Visual acuity right eye 


& with plus 0°5 lens, left eye §. Dises normal. Left homonymous hemia- i — 
nopsin. Outward rotation of the eyes normal; inward rotation almost absent, o o 00. 
up and down movements very defective. Right pupil larger than left; both =. e. 


react to light and accemmodation. A very slight proptosis of the right eye 
was first noticed in February, 1930. The outlines of the floor of the sella 
turcica were obliterated and the clinoid processes were widely separated. 
Resting blood sugar, 0°06 per cent. ; after 50 grm. of glucose, 0°09 per cent. 

Operation.—March 9, 1930. A trans-sphenoidal operation was performed 
and some tumour tissue removed. After this operation the patient said that 
the headache was modified, but was still present. He was treated with deep 
X-ray therapy, but in the course of two months the headaches returned with 
greater intensity than ever, and he suffered from extreme photophobia and 
constant lacrymation. 

On June 24, 1930, aright transfrontal exposure of the tumour was attempted 
but the general intracranial pressure was so extreme that it was impossible to 
reach the growth in spite of the free use of hypertonic salt solution and glucose. 
No fluid could be obtained from the ventricles. A large decompression was 
left. There was but a transient improvement after this operation, and on July 
14, 1930, after the administration of hypertonic salt solution and lumbar 
puncture, a second attempt was made. This proved as futile as the first and 
had to be abandoned beeause of the actual bulk of the brain. The patient 
survived this operation for twenty-one days. 

Post-mortem examination.—A tumour about the size of a tangerine orange 


occupied the peduncular region. The right crus was. ‘flattened: and appeared z — 
twice the width of the left. The right optic tract was. flattened out atzainss 
the erus. The ehiasma itself stretched like a bridge between the: crura ; it was 


oval- rather than flat. The optic nerves were normal in appearance and the 
tumour had not filled the interval between them. 

“Microscopie diagnosis : adenocarcinoma. 

These cases suggested. that normal discs might. indicate a retrochiasmal 
tumour, but the following case showed that normal dises might be found when 
the tumour was prechiasmal. 


Case 6. D. H., male, aged 21. Acromegaly. Headache and ening for 
last year. Diplopia. Normal dises. Bitemporal hemiane apsia. Gross enlarge- 








ment of pituitary fossa. Operation, pituitary tumour. Death. Post- -mortem = n 


examination, prechiasmal tumour. 














ON NORMAL DISCS IN PATIENTS WITH CHIASMAL LESION 





E ‘The patient: was referred to the Richmond Hospital, Dublin, — 
13, 1936, by Dr. Kéane, of Belfast, on account of severe heada 
vomiting, . 
— The Panen began to — 





ere e occasionally perio of polydipsia and polyuria vaguely remembere 
Examination.—Acromegalic. Height 5 ft. 11 in. Weight 9 st: 
essure 125/60. Basal Metabolic rate —12. Mentally dull... 
urinary output was 80 oz. No excessive thirst. Neurological exami nati 

negative. l 

| Opthalmological examination revealed normal dises and a complet 
_ bitemporal hemianopsia with maculgr sparing. 2 
— - The pituitary fossa was grossly enlarged. 
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— November, 1986, he was given a course of deep radiotherapy hiik hado 
7 th e headache or vomiting. . lee 
anuary 21 937, readmitted in a pitiable condition. The headaches were | 
tremely severe e and he had become more sluggish and stupid and occasio lh 
incontinent. oe. 

- Ib was decided to make an attempt to relieve the headaches. 

March 25, 1937, ventriculography revealed marked dilatation of the late 
_ ventricles which communicated freely through an opening in the a : 
lucidum. The 3rd ventricle was not shown. i 
Operation. - Right transfrontal exposure of the chiasmal region. The. 
-optic nerve was straight and was not displaced laterally. The middle 
e pituitary fossa was occupied by a tumour which was attacked by tho: 
athermy loop. A large amount of tissue was removed until the fossa — 
peared to be empty. The chiasma was not seen. The patient never 
gained consciousness after the operation and he died eighteen hours: 
terwards. 
Post-mortem examination revealed that the lower third of a column of 

mour had been removed and that the upper two-thirds,had been left behind. 
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| aes tdos brn ol thes corpus callosum. 
2 em, and was 2 em. deep. Th itself y 
but —— optig. nerve was s fattened (fg. 10). 


= g oe whieh seed: to. - — ther nerve off ow — eE only its 
y tachment to the optie tract. — 
It is noteworthy that gross notching of the optie nerves by vessels did not _ 





: produce pallor of the dises nor did it seem to account for the defects recorded g ee 
in the visual fields. Those defects were explained by the chiasmal lesion sends 


itself. ° ° 
Although the tumour in this case was prechiasmal, it differed from the 


usual type of this tumour in that it did not displace the optic nerves laterally. 
=c Mieroscopie examination: eosinophile adenoma. 


DISCUSSION. l 
i This study has been confined to cases which presented visual field 
defects and in which the relation of the tumour to the chiasma has been 
_ verified. 

All the cases reported above had unequivocal symptoms and signs of- 
a tumour in the neighbourhood of the chiasma and all had normal dises. 
During the period in which these cases were encountered there were 
eight patients with similarly definite symptoms and signs of tumour in 
the same situation, in whom there was primary optic atrophy. 

In the group with normal discs the optic nerves in each case were 
normal in appearance and ran straight from the optic foramina to the 
chiasma. In Cases 1 and 6 the optic nerves had one or more deep 
notches apparently due to pressure against arteries. These notches 
were not seen during the operation. In the group with primary optic. 








and to curve round the tumour tightly embr: “it —— 
In the first group five of the six tumours were retrochiasmal ; “the | 
e xth was prechiasmal but of an unusual type. 
—— In the second. group all the tumours were prechiasmal. 

It would appear that pallor of the discs in cases of tumour in this 
-~ region is related to displacement or stretching ‘of the optic nerves 
rather than to any kind of involvement of the optic chiasma or optic 
tracts, and that the nerves are more likely to be free from embarrassment, 








_ atrophy, the nerves. appeared to be whiter than normal, to be flattened o “ 





when the tumour lies behind the chiasma than when it lies in front aps — 


dg the chiasma. 














ON NORMAL pisos ‘IN PATIENTS WITH CHIASMAL LESI ONS — 





— — tumours are more often associated’ with: sae a 
than are prechiasmal tumours. — 
The difference in operative mortality — the two groups is ve 
- marked. In the first group witlt normal discs foar out of six’ patien : 
ied. In the group of prechiasmal tumours with primary optic —— 
— ‘one patient out of eight died. Š 
coe SUMMARY. ee 
——— In five of six cases of tumour involving the chiasma in which the 
: ie discs were normal, the tumour was behind the chiasma. In. the o 
~ sixth case the tumour was of an unusual prechiasmal type. — 















CONCLUSION. | ee 

When the optic discs in a patient with chiasmal symptoms are — 

©. pronounced normal by an. experienced ophthalmologist, it is probable — 
— that the lesion, if a tumour, will be found behind the chiasma. —— 
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‘WE unierodincinaration method, — conce ed: by Raspail a83 eres 
ped and perfected by Policard (1923) and Scott. (193 $ 
7 3 capable of contributing certain data concerning the structure ¢ 
o neurone. These datt can be divided mto three groups :=—" — 
(1) Intraneuronal differences in the content of heat-resistant minera 
F ash: : : 
= @ Internouronal differences in the content of E mineral 
- ash, | è 
-o (8) Differences in the content of heat-resistant mineral ash exhibited 
f by ‘the same part of the same neurone during different phases of 
3 ontogenetic development. — 


(1) INTRANEURONAL DIFFERENCES. 


There are differences in the distribution of the heat- resistant wineeal 

ashes over the various parts of the neurone. The ganglion cells 
-. contain considerable mineral deposits in their nucleoli, their cytoplasm 
and their dendrites (fig. 1). The nucleus is essentially free from 
~~ mineral residue except for some fine granular strands, especially along 
the nuclear membrane. The mineral deposits in the cytoplasm are 
- globular and granular in character and correspond in their arrange- 
ment to the Nissl bodies. — contain cale id 

















Myerson, 1987). 
= ome ely visible 





=, Tn some specimens, however, e and “the 1 


— From the Division of — Research, Boston State Hospital, and the Departmen: — 


rology, igi PRT aE — i: Coe BE? o 8 
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mineral granules of bluish colour are seen in the axone hillock and axis 
cylinder. These granules are soluble in water and are not completely 
heat resistant bec&use they are usually not present in well incinerated 
preparations, bei$g vaporized or volatilized at or below the heat of 
micro-incineration, (650° C.). 

In the peripheral nerves the axis cylinder either burns out com- 
pletely or leaves only a faint trace of fine bluish granules, which are 
vaporized or volatilized easily at higher temperatures. Fig. 2 illustrates 
these facts in a cross-section from the peripheral nerve of a healthy 
pigeon. The network of heavy-ash residue corresponds to the endo- 
neural and Schwannian sheaths, the heaviest, white, water-soluble ash 





Fic. 1.—Normal motor ganglion cell from anterior horn of spinal cord. Cat. Darkfield 
illumination. Enlargement x 1300. 


residue being that of the nuclei of the Schwannian cells while the endo- 
neural network and the processes of the Schwannian cells, contain 
somewhat less. A fine, thin, inner layer of much less brightly 
illuminated ash corresponds to the thin outer membrane of the 
myelin sheath which is closely adjacent to and, in many places, 
seems to merge with the cell bodies and processes of the Schwannian 
cells. The central cores of this honeycombed network, which 
consists of the endoneural and Schwannian sheaths and at their 
inner side a thin, outer membrane of the myelin sheath, are occupied, 
as seen in stained neighbouring sections, by the lipoid body of the 
myelin sheath, and the axis cylinder. In micro-incinerated prepara- 
tions, however, the lipoid body of the myelin sheath never leaves 





et y without Jeanot cA 
o — ET enh SP : in ‘any instances, has 
burned out, , thereby Lanne the central -cores of many meshes of the 
_ honeycombed sheath-network completely empty. Ig other instances, 





a however, either in the centre or somewhat eccentrically i in the central 





core, a small round, elliptic or polygonal body, consisting of an accumu- 
-dation of fine, faintly visible, bluish mineral -granules is seen which 
— “corresponds, as stained neighbouring sections. show, to the axis cylinder. 








Ben some instances, one sees that from the margins of the dises of. askooo wee 


: residue, which the cross-sections through the axis cylinders represent, Je 


— especially from the corners of the polygonal ones, fine threads (2 to Do ee 


of equally faint bluish ash granules axtend to the outer membrane Of 


the myelin sheath. These threads, which connect the axis cylinder to — f 


the outer mem brane of the myelin sheath, are part of the myelo- — 
axostroma of Kaplan (1902). (The myelo-axostroma is not to be 
mistaken with neurokeratin net, which, especially since Kaplan, has 
been regarded generally as an artefact.) In some suitable preparations, 
the observation can be made that those fine ashes, which comprise the 
trace of the axis cylinder in micro-incinerated preparations, are more 
dense along the outer membrane of the axis cylinder, the axolemma, 
than in the interior of the axis cylinder. These findings can best be- 


seen in preparations which are at the border-line of complete incinera- 


tion. In very thoroughly incinerated preparations, the mineral residue 
of the axis cylinder is vaporized or volatilized; the ash residue of the 
myelo-axostroma, however, usually remains. 

[n the peripheral nerves of the frog, the axis cylinder always burns 
out completely and is invisible in micro-incinerated preparation. Fig. 3 
shows a longitudinal section through the sciatic nerve of the frog. The 
Schwannian cells are well outlined by their bright white ash residue, as 


are the endoneural and Schwannian sheaths. AML the. central coresf 
the nerve fibres which correspond to the axis cy nders. are empty. and ve 

free: from ash residue. The outer parts of these central cores which oe 
` correspond to the myelin sheaths can be seen transversed by a fine, — 

loose meshwork corresponding to the myelo- axostroma, somewhat 


heavier threads of which outline the rings of Ranvier and Lantermann’s 
incisures. Several of these are well recognizable in- fig. 3. The lipoid 
part of the myelin sheath contained within the meshes of the myelo- 
axostroma is free from mineral ash residue. 3 

In the central nervous system in man, axis cylinders usually do net 
leave any traces in well incinerated preparation. Figs. 4 and 5 show a 
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part of the optic tract from a 36-year-old man at various enlargements. 
Most outstanding in“their mineral content, consisting for the most part 
of white water-insoluble ashes, are the nuclei of the glial cells (fig. 4). 
Somewhat less agh is found in the glial reticulum and in the outer 
lamella of the myelin sheaths. At somewhat higher enlargement, one 
sees that the lines which the myelin sheaths represent in micro- 
incinerated preparations are not quite straight or of equal density and 
calibre, but show numergus varicose excrescences which gives them a 
somewhat dotted appearance. At still higher power, one recognizes 
that these highly-mineral containing dots are fibrillary processes of glial 
cells which pass and adhere to the myelin sheaths at various irregular 
intervals, embedding them in an irregular network of reinforcements by 
fibrillary glial processes (fig. 5). These glial reinforcements of the 
myelin sheaths vary somewhat~ within the central nervous system. 
They are most dense and numerous in the central white matter of 
the hemispheres, less dense in the optic nerve and tract and in 
the long projection pathways of the brain-stem, while they are of 
the least density in the white columns of the spinal cord. Their 
number determines the amount of mineral ash which the white 
substance presents In micro-incinerated preparations at low enlarge- 
ment. Compared to the ash content of these glial reinforcements, the 
outer membrane of the myelin sheath is poor in heat-resistant mineral 
ash (fig. 5). The central core inside of the outer membrane of the 
myelin sheath can be seen to be transversed by rather loosely arranged, 
faintly visible trabecule corresponding to ‘the myelo-axostroma. The 
axis-cylinder itself, and the main lipoid body of the myelin sheath, 
however, are free from mineral ash. Scott gave a drawing from the 
sciatic nerve of the cat (fig. 48, plate III), which he did not describe in 
the text, to which our fig. 5 is very similar. 

The musculature is moderately rich in bluish and white, water- 
soluble and water-insoluble mineral ashes, decidedly less rich than 
ganglion cells, but much richer than the myelo-axostroma of the nerve 
fibres. We have not yet been able to identify nerve-endings in micro- 
incinerated preparations. 

In summary it may be concluded :— 

(1) Ganglion cells contain rich deposits of heat-resistant mineral 
ashes in the Nissl bodies of their cytoplasm and their dendrites, and in 
their nucleolus. 

(2) The axone hillocks, the axis amie processes, and the main 
body of the axis cylinders of the central and peripheral nervous system 


-~ 
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are completely free from calcium, silica and iron, and are free from 
other heat-resistant mineral ashes, but contain fine’ traces of not com- 
pletely heat-resistant minerals, which are vaporized or volatilized at or 
below the heat of micro-incineration (650° C). e 

(3) The myelo-axostroma, including the tubular guter membrane of 
the myelin sheath, the axolemma, and the connecting threads and lamellx 
between them, in the central and peripheral nervous system, contains a 
small amount of bluish heat-resistant mineral ashes. 

(4) The lipoid part of the myelin sheath is always completely free 
from any mineral ash residue. 

(5) The glial reticulum, in which the central nervous structures 
are embedded, and the Schwannianeand endoneural sheaths of the 
peripheral nervous system, contain moderate amounts of heat resistant 
mineral ash, the richest accumulation of which is found in the nuclei 
of glial and Schwannian cells. The glial reticulum in which myelinated 
nerve fibres are embedded and its ash residue are most dense in the white 
matter of the hemisphere, less dense in the long projection pathways of 
the brain-stem, including the optic tract, least dense in the white 
columns of the spinal cord. 


(2) INTERNEURONAL DIFFERENCES. 


Differences in amount and quality of mineral deposits are not only 
found between ganglion cells of dissimilar morphology, such as between 
spinal ganglion cells, pyramidal ganglion cells and anterior horn cells 
(Scott, 1983, Alexander and Myerson, 1987), but also between ganglion 
cells which are, when studied by the ordinary staining methods, of very 
similar shape and structure, such as the granular cells of the cerebrum 
and the cerebellum respectively (Alexander and Myerson). The granular 
cells of the cerebellum are extremely rich in mineral deposits—-calcium 
as well as iron—~while the cortical granular cells from the fourth layer 
of the isocortex are very poor in mineral residue. Thisis illustrated by 
figs. 7 and 8. Fig. 7 shows a section through the central region of the 
cerebral cortex of a 43-year-old man, including anterior and posterior- 
central convolutions adjacent to the sulcus centralis Rolandi. The 
anterior central convolution (a) is extremely rich in white, water- 
insoluble mineral ash residue, contained in its small and large pyramidal 
ganglion cells, while the posterior central convolution (p), the ganglion 
cells of which are of granular type (coniocortex, Economo, 1930), contains 
comparatively little ash residue. In comparison to the granular cells 
of the posterior central convolution, however, the granular cells of the 
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cerebellar cortex from the same individual are very rich in heavy, 
white mineral ash. This difference does not only apply to the granular 
layers of the cerebrum and the cerebellum as a whole, but also any 
single granular ce$l from the cerebellum is richer in mineral ash than 
a single granular cell from the cerebral cortex. 

This fact can also be well demonstrated in small animals, which 
present the advantage that one sagittal section through the entire brain 
can be incinerated on ome slide (fig. 6). This eliminates the possible 
error of difference in thickness and in degree of incineration between 
different slides. Fig. 6 shows a sagittal section through the brain of a 
normal adult guinea-pig. The granular layer of the cerebellar cortex is 
much richer in ash residue than the isocortex of the eerebral hemispheres. 
The allocortical areas of the fore-brain, however, are much richer in 
mineral ash than the isocortical areas. Most outstanding in rich 
mineral content are the cells of the fascia dentata (fd); next are the 
main allocortical areas at the base of the brain, the tuberculum 
olfactorium (to), the area prepyriformis (pr), and the area retrobulbaris 
(rb). (The nomenclature used is that of Rose (1926-27a, 1926-276, 
1927-28, 1929-30, 19381).) The granular cells of the cerebellum, 
however, are richer in mineral residue than the cells from the allocortical 
areas, with the possible exception of the fascia dentata and the area 
prepyriformis ; but this needs furthur investigation by exact quantitative 
studies. Thalamus and striopallidum are comparatively poor in mineral 
content. The richer mineral content of the granular layer of the 
cerebellum, ascompared to the cerebral hemispheresand the striopallidum, 
is also striking in the pigeon and the cat. The granular cells of the 
cerebellum are not only found richer in mineral residue when completely 
incinerated, but also are more difficult to incinerate than other ganglion 
cells. If whole brain sections are incinerated, the cerebellum is the 
last part to become incinerated completely. This finding points to the 
fact that other constituents which also determine the speed of incinera- 
tion, notably proteins, may be of a different nature in the granular cells 
of the cerebellum, since they more frequently and easily form tarry 
residues in these than in other cells of the central nervous system. In 
the cat the area prepyriformis (pr) is outstandingly rich in white 
mineral ash as compared to the isocortical areas, for example the area 
precentralis granularis (pg), in the same section (fig. 9). In the 
olfactory bulb, the cells of the inner granular layer are richer in mineral 
residue than those of the outer granular layer (fig. 9 bu) ; the stratum 
granulosopyramidale (pyramidale internum) and the stratum pyramidale 
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externum contain much less; the inner and outer molecular layers are 
practically free from heat-resistant mineral ashes. This distribution of be 
the heat-resjstant mineral ashes in the olfactory *bulb is positively 
correlated with the depth of colouring which these lay&s present in Nissi- 
stained preparations (compare our fig. 9 to corresponding Nissl-stained 
preparations given in Rose’s atlas). 

These differences in heat-resistant mineral ash exhibited by the 
various types of neurones in the central newvous system of man and 
animals will have to be studied in more detail by methods which permit 
a more accurate qualitative and quantitative analysis. These data, 
gained by micro-incineration, give a lead in this direction. Especially 
the constancy of grtater ash content of cerebellum and allocortex, as 
compared to isocortex, thalamus and striopallidum throughout the 
phylogenetic series, is of interest and may bear a certain relationship to 
functional constancy. 


(3) DIFFERENCES IN. THE CONTENT OF HEAT-RESISTANT MINERAL 
Asu EXHIBITED BY THE SAME PART OF THE SAME NEURONE 
DURING DIFFERENT PHASES OF ONTOGENETIO DEVELOPMENT. 


Embryonic tissue, as well as tumour tissue, is richer in heat-resistant 
mineral ash than normal differentiated adult tissue (Horning and Scott, 
1932; Scott and Horning, 1932 ; -Alexander and Myerson, 1937). For 
the neurones of the human central nervous system, Alexander and 
Myerson have demonstrated that the cortical ganglion cells of the new- 
born child are richer in heat-resistant mineral ash than those of the 
adult; most of this ash, however, is contained in the nuclei of the 
ganglion cells of the new-born, while their cytoplasm contains only 
small amounts of it (Alexander- and Myerson,’ plate lxiii, fig. 1). 
Differences of the ash content in the various cortical areas during 
ontogenetic development have been studied in a series of brains from 
the fostal and the new-born cat and of kittens during the first three weeks 
of life. Sagittal sections were cut in order to be able to incinerate as 
many different parts of the brain as possible on one slide at the same 
time. Fig. 10 shows an incinerated sagittal section through the entire 
brain of the new-born cat at low enlargement. The cerebellar cortex 
and various areas of the allocortex, notably the cornu ammonis (c), the 
area entorhinalis (e) and the area prepyriformis (pr), stand out by their 
rich ash content, as they do in the adult: but, in addition, two areas ot 

„the isocortex are well and sharply outlined by their exceedingly rich 
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content of heat-resistant mineral ash, namely, the area striata (str) and 
the anterior central region (ac).. These two areas are in the process of 
most active growth at that time, and they are the first two areas of the 
igocortex to undeggo myelinization (primordial areas) (Flechsig, 1901, 
v. Monakow, 1914), According to Flechsig, myelinization occurs first in 
the central region, second in the fascia dentata, the uncus gyri hippo- 
campi and other allocortical regions, third in the cornu ammonis, 
fourth in the area striata.e In the newborn cat, also, the thalamus and 
the striopallidum are relatively richer in heat-resistant mineral'ash than 
in the adult. 

Within the same area, and within the same typeof neurone, the 
more primitive cells are richewin heat-resistawt mineral ash than 
those which have already reached higher differentiation. This fact is 
best illustrated in the cerebellar cortex of the newborn, mammalian as 
well as human, owing to a peculiarity of the topographic arrangement 
of its still-proliferating primitive, and its differentiated cells, which has 
- been well described by Ramón y Cajal (1890a), Lugaro (1894a), Schaper 
(1894), Biach (1909-10), Lowy (1909-10) and Obersteiner (1912). =, 

The matrix of the cerebellar cortex, at about the middle of embryonic 
life in man, splits in an outer and an inner granular layer, separated by 
the anlage of the molecular layer. While the cells of the inner granular 
layer undergo early differentiation and cease to proliferate, the cells 
of the outer granular layer at the outer surface of the cerebellar 
convolutions retain their primitive medullo-blastic character up to the 
eighth or ninth month of intrauterine life, continue to proliferate and 
to supply, among other cells, additional neuroblasts which continuously 
migrate through the molecular layer into the inner granular layer where 
they undergo differentiation into cerebellar granular cells. Thus, for 
a long period, the outer granular layer remains the matrix (secondary 
matrix) of the granular layer of the cerebellar cortex, consisting of 
undifferentiated, actively proliferating cells, while the differentiated cells 
accumulate in the inner granular layer. In the newborn, these two 
layers are clearly separated by the intervening molecular layer 
(Obersteiner, fig. 232, page 611). In micro-incinerated preparations of 
the cerebellum of the newborn cat, as well as of the newborn human 
infant (fig. 11), the immature outer granular layer (og) is much richer 
in heat resistant, water-insoluble mineral ashes than the mature, 
differentiated, inner granular layer (ig). Not only the outer granular 
layer as a whole, but each individual cellular element of the primitive 
outer granular layer is richer in white, brightly luminous ash than the 


* ~ 


60° ORIGINAL ARTICLES AND CLINICAL CASES 


individual differentiated cellular’ elements of the inner granular layer. 
This finding justifies the conclusion that neurones during active growth 
and ontogenetic development are relatively richer*in heat resistant 
mineral ashes than after differentiation. è Pa 


CONCLUSIONS AND SUMMARY. i 


Py 


(1) Ganglion cells contain rich deposits of heat resistant mrneral 
ashes in their nucleolus and in the Nissl bodses of their cytoplasin and 
dendrites. } 

(2) The intracellular neurofibrille, the axone hillock and tha main 
body of the axis cylinder are free from heat-resistant mineral ashes. 

(3) The lipoid paft of the myelin sheath is free from mineral ash. 

(4) The myelo-axostroma contains a small amount of heat- resistant 
mineral ash. ' 

(5) The granular cells of the aa ballan cortex and the ganglion 
cells from allocortical areas are richer in mineral ash residue than 
morphologically similar ganglion cells from isocortical areas or from 
the basal ganglia. In addition, there is a great deal of variation in the 
mineral distribution corresponding to cortical architectural fields. 

(6) The content of heat-resistant mineral ash in the same neu- 
rone is relatively greater during ontogenetic development than after 
differentiation. 

(7) The fact that the content in heat-resistant mineral ashes is 
greater in ganglion cells than in nerve fibres, and relatively greater in 
ganglion cells during ontogenetic development than after differentiation, 
suggests a positive correlation of these heat-resistant mineral ashes with 
growth and with metabolic activity. 


REFHRENOBES: 


ALEXANDER, L., and MYERSON, A. (1937.) Amer. J. Path., 18, 405. 

Brac, P. (1909-10.) Arb. Newol. Inst. Anat. Phystol. Zent. Nerv. syst. Unw. Wien., 
18, 13. i 

Economo, C. v. (1930.) Psychiat. Quart., 4, 142. 

Fuscasre, P. (1901.) Arch. ital. Biol., 36, 30. 

EoRNING, E. S., and Scorr, G. H. (1932.) Anat. Rec., 52, 351. 

KAPLAN, L. (1902.) Arch. Psychiat. Nervenkr., 35, 825. 4 

Löwy, R. (1909-10.) Jbid., 63. 

Lugaro, E. (1894a.) Anat. Anz, 9, 710. 

Idem. (1894b.) Rw. Sper. Frenat., 20, 297. 

OBERSTEINER, H. (1912.) ‘‘ Anleitung beim Studium des Baues der nervosen Zentralorgave 
im gesunden und kranken Zustände.” th edition. Vienna, p. 611, fig 232. 

POLICARD, A. (1923) Bull. Sec. Chim. Fr., 33, 1551. 

Ramón y CAJAL, S. (1889.) Int. Mschr. Anat. Physiol., 6, 158. 

Idem. (1890a.) Ibid., T, 12. l 


(y 


ka 


PLATI 








een 


THE NEURONE AS STUDIED BY MICRO-INCINERATION 61° 
Ramón y Oasan, 8. (1890b.) Gac. sanit. Barcelona, 2, 208, 233. 
Rasearr, F. V. (1833.) ‘*Nouveau système de chimie organique, fondé surdes méthodes:' + 

nouvelles d'observation.” Paris, p. 528.” 

Rosz, M. (1926-27a.) “J. Psychol. Neurol., Leipzig; 34, 1. a 
aem. (1926-276.) Ibiq., 262. 
Tag. (1927-28.) Ibid., 35, 65. 
Iden (1929-30.) Jdid.,40, 1. 
(J@31.) Ibid., 43, 353. ' pe 
:, A, (1894.) Morph. Jb., 24, 625. ` 







BcotT pk. H. (1933.) Amer. J. Anat., 53, 243. 
idem, 1933-34.) Protoplasma, %0, 133. a 
Scorr, @. H., and Hornina, Æ. S. (1982.) Amer. Journ. Path., 8, 329. : 
V. MowaXow, C. v. (1914.) *Die Lokalisation im Grosshirn und der Abbau der Funktion 
„durch kortikale Herde.’’ Wiesbaden, p. 102. ' k 
o e : 
LEGENDS, . 


Frea. 2, —Transverse section through peripheral nerve (wing nerve) of a healthy pigeon. ; 
Darkfield illumination. Enlargement x 1300. 


Fie. 3.—Longitudinal section through peripheral nerve (sciatic nerve) of a frog. 
Darkfield illumination, Enlargement x 1800. 


Fra. 4.—Longitudinal section through the optic tract of a 86-year- old marni. Darkteld ` 
illumination. Enlargement x 175. 


Fic. 5.—A myelinated fibre from the optic tract shown in fig. 4 at higher P 
Darkfield illumination. Enlargement x 2210. o = central coreof bhe nerve-fibre, occupied , . 
by the axis cylinder and the inner lipoid part of the myelin sheath, which are free from! 
mineral ash residue. In the lower half of the figure the central core of the nerve-fibre is 
seen to be transversed by a few fine threads which are part of the myelo-axostroma.. 
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Fie. 6.—Sagittal section through the brain of a normal guinea-pig. Oblique trans- 
illumination. Enlargement x 7. fd — fascia dentata, pr = area prepyriformis, rb == area ~ « 
retrobulbaris, to — tuberculum olfactorium. 


Fie. 7.—Section through the anterior and posterior central convolutions of the normal ' 
human cerebral cortex and the intervening sulcus centralis, Rolandi. 43-year-old man. 
Oblique transillumination. Enlargement x 8. a= anterior central convolution, p = 
posterior central convolution. 


Fig. 8.—Section through normal cerebellar convolutions. 43-year-old man. Oblique 
transillumination. Enlargement x 8. 


Fie. 9.—From a sagittal section through the brain of a newborn cat. Oblique trans- 
illumination. Enlargement x 7. bu = olfactory bulb, pg = area precentralis granularis, 
pr == area, prepyrifermis, 


Fra. 10.—Sagittal section through the brain of a new-born cat. Oblique transillumination. 
Enlargement x 7 ac== anterior central region, c == cornu ammonis, e = area entorhinalis, 
pr == area prepyriformis, str == area striata. 


Fire. 11.—Convolutions of the cerebellum of the new-born human infant. Darkfield 
illumination. Enlargement x 80. ig — inner granular layer,m — anlage of the molecular 
layer, og == outer granular layer, w — central white matter of cerebellar convolution, 
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THE ORIGIN OF THE FALL IN THE PRESSURE OF THE 
CEREBROSPINAL FLUID AFTER ITS ARTIRI@IAL 
ELEVATION BY JUGULAR OCCLUSION. 


BY T. H. B. BEDFORD. 
(From the Department of Pharmacology, Manchester University.) 


w 


Tun effect of jugular occlusion on the cerebrospinal fluid pressùre 
in the cisterna magna and on theevenous pressure in the torcular 
has been described in earlier papers (Bedford, 1935, 1936). It was 
found that the rise in the pressure of the cerebrospinal fluid which 
follows sudden occlusion of the external jugular veins is a temporary 
phenomenon, and that the pressure usually returns to the region 
of its original level within the space of one hour. The venous 
pressure in the torcular was also observed to fall, but the fall was not 
so rapid or so complete as the fall in the pressure of the cerebrospinal 
fluid, and at the end of the experiment the torcular venous pressure was 
sometimes more than twice its original height. These pressure changes 
were found to occur independently of variation in the systemic.arterial 
pressure. The average duration of the experiments was two hours. It 
was concluded that the fall in the pressure of the cerebrospinal fluid 
was due mainly to the establishment of collateral venous circulation. It 
was considered, however, that there had been also a reduction in the total 
volume of the cerebrospinal fluid. In the experiments which are to be 
described, an attempt has been made to study the problem by observing 
the effect of jugular occlusion on the rate of absorption of isotonic 
solution from the subarachnoid space. 


EXPERIMENTAL PROCEDURE. 


The general experimental procedure and the methods employed to 
record the intracranial pressures were identical ‘with those used in 
earlier experiments (Bedford, 1935, 1936). The manometer in the 
cisterna magna was, however, connected by a three-way tap with a 
device by which the pressure of the cerebrospinal fluid could be main- 
tained at any desired level and the rate of inflow or of outflow of fluid 
from the subarachnoid space determined. The apparatus employed for 
this purpose was modelled on that used by Mortensen and Weed (1934) 
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in their study of the absorption of isotonic solution from the subarachnoid 
space. These workers have given a detailed description, including a 
diagram of their apparatus. It is unnecessary, therefore, to give more 
than a brief\accouht here. The apparatus consists of a reservoir of 
large diameter, containing isotonic saline solution, which can be raised 
or lowered. The diameter of the reservoir is sufficiently large to ensure 
that the maximum volume of fluid likely to enter or to be expelled from 
the subarachnoid space daring the period of an experiment will have 
no appreciable effect on its fluid level. The pressure of the cerebrospinal 
fluid can, therefore, be maintained at any desired level by setting the 
reservoir and putting it into communication with the needle in the 
cisterna magna. A device consisting of two vertical graduated pipettes 

is interposed between the reservoir and the three-way tap: The upper. 
half of each pipette and the connecting tubing is filled with a paraffin- 
chloroform mixture coloured with Sudan III. This mixture has the 
same specific’ gravity as the saline solution. The volume of fluid passing 
from the external system into the animal or extruded under conditions 
of constant pressure can be determined by observing the meniscus 
between the paraffin-chloroform mixture and the saline solution. The 
oily mixture may occasionally stick, to the sides of the pipettes or retract 
unevenly during rapid extrusion or inflow of fluid, and thus render 
accurate’ reading impossible. Two pipettes are employed merely to 
ensure that one meniscus at least is available for reading. The only 
modification introduced into this apparatus has been the replacement of 
rubber connections by glass where possible. The saline solution used 
in these experiments was Tyrode’s solution. 


(1) The effect of jugular occlusion on the absorption of isotonic 
solution from the subarachnoid space when the reservoir is set at the 
pressure level assumed by the cerebrospinal fluid. 


The normal pressure of the cerebrospinal fluid and the venous 
pressure in the torcular were first determined. The external jugular 
veins were then occluded and the new pressure levels noted. After a 
preliminary pause of some two or three minutes, the reservoir was set 
at a pressure corresponding with that of the cerebrospinal fluid and put 
into communication with the subarachnoid space. The rate of inflow or 

-of outflow of fluid was observed over a period of one to one and a half 
- hours. Fifteen experiments were performed. A fairly typical experi- 
ment is represented in fig. 1. The relative stability of the venous 
pressure after the pressure of the cerebrospinal fluid had once been 
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fixed was a striking feature of these experiments. The venous pressure 
in the torcular at the end of the experiment was often identical with 
that observed at the beginning. A pronounced fall in venous pressure 
was generally associated with a fall in the systemié blood pressure and 
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Fig. 1.—The effect of jugular occlusion on the absorption of cerebrospinal fluid when the 
reservoir is set at a pressure level corresponding with that assumed by the cerebrospinal 
fluid. The pressure of the cerebrospinal fluid and the torcular venous pressure are recorded 
in millimetres of Tyrode solution, that in the femoral artery in millimetres of mercury. 
The external volume is recorded in cubic centimetres of Tyrode solution. The veins were 
occluded and the cerebrospinal fluid pressure maintained at A. 


— — Cerebrospinal fluid pressure. 

-== m Venous pressure in torcular. 
—e-e— External volume change. 

- -4—4 Systolic pressure in femoral artery, 


THE CEREBROSPINAL FLUID AFTER ITS ARTIFICIAL ELEVATION 665 


an experiment was not considered successful unless the systemic arterial 
blood-pressure was maintained. A flow of fluid from the external 
system into the arfimal was observed in all experiments. This persisted 
even when the vénous pressure rose, although sudden changes.in the 
venous pressure were temporarily reflected in the rate and occasionally 
in the direction of flow. The average rate of flow in fifteen experiments 
was 0°049 c.c. per minute. In some of the experiments, however, there 
was a moderate fall in the venous pressure in the torcular. This would 
bring about a decrease in the total volume of the intracranial venous 
system and cause a flow of fluid from the reservoir into the animal. 
The rate of inflow was accordingly relatively greater in these experiments 
than in those in which the venou! pressure was m&intained. 


(2) The effect of qugular occlusion on the absorption of tsotonic 
solution when the pressure of the cerebrospinal fluid is maintained at its 
original level, 


The pressure of the cerebrospinal fluid was first recorded until its 
level became reasonably steady. The reservoir was then set at that 
level and put into communication with the subarachnoid space. Under 
these circumstances fluid should neither enter nor be expelled from the 
subarachnoid space, although minor fluctuations may be observed. 
Twelve experiments were performed. On occluding the external 
jugular veins, fluid was rapidly displaced from the subarachnoid space 
into the external system. This displacement of fluid lasted sometimes 
for one to three minutes. The volume of fluid displaced during this 
period averaged 1 c.c. It is interesting to recall that Mortensen and 
Weed found that an average introduction of 1°30 c.c. of saline into the 
subarachnoid space was necessary in order to double the pressure of the 
cerebrospinal fluid. The external volume remained constant after this 
initial displacement of fluid, save for minor fluctuations, ‘in half the 
experiments. In the other half, fluid was steadily extruded into the 
external system. The maximum average rate of outflow observed in 
any one experiment was 0°023 c.c. per minute. Jugular occlusion was 
followed by a rise in the venous pressure in the torcular. ‘The rise in 
pressure was, however, less than that observed when the escape of fluid 
from the subarachnoid space was prevented. This observation is in 
harmony with earlier findings (Bedford, 1936). In ten experiments 
the increase in the venous pressure averaged 150 mm. saline solution. 
The venous pressure was therefore rarely twice that of the cerebro- 
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spinal fluid. It was noted that, except for minor fluctuations, the 
venous pressure in the torcular usually remained steady throughout 
the experiment. It would appear, therefore, that tlfe effect of jugular 
occlusion was to cause a rapid initial displacement ‘of fluid from the 
subarachnoid space. This was followed in half the experiments by a 
steady extrusion of fluid which, however, never averaged more than 
0'023 c.c. per minute. In the remaining experiments there was no 
evidence of inflow or of outflow of fluid and the external volume remained 
unchanged. 


(3) The rate of absorption of isotonic solution when the reservoir ts 
set at a pressure levél equal to twice that of the cerebrospinal jad and 
the jugular veins are not ligated. 


Jugular ligation generally causes ‘the pressure of the cerebrospinal 
fluid to be approximately doubled. It was decided to determine the 
rate of absorption of isofonic solution when the reservoir is set at a 
pressure twice that of the cerebrospinal fluid and the jugular veins are 
not occluded. Four experiments in all were performed. An average 
rate of absorption of 0'062 e.c. per minute was obtained. This figure is 
somewhat higher than that found by Mortensen and Weed, who 
obtained an average rate of absorption of 0'054 cc. per minute in 
thirteen experiments. 


DISCUSSION. 


The experiments on the effect of jugular occlusion on the absorption 
of isotonic solution when the reservoir is set at the pressure assumed by 
the cerebrospinal fluid would appear to indicate that (1) the return of 
the pressure of the cerebrospinal fluid to normal after ligation of the 
external jugular veins is brought about by a diminution of the total 
volume of the cerebrospinal fluid ; (2) the fall in the venous pressure in 
the torcular is mainly dependent on the fall in the cerebrospinal fluid 
pressure. According to Weed and co-workers (19384, 1935-36) the 
cerebrospinal fluid is absorbed by a process of simple filtration through 
the arachnoid villi. Weed considers that ‘‘the total effective pressure 
activating the normal process of absorption of cerebrospinal fluid is 
compounded of the colloid osmotic pressure of the blood plus a hydro- 
static factor derived from the difference in the subarachnoid pressure 
and the intracranial venous pressure.” Weed (1935) states that the 
colloid osmotic pressure of the blood lies between 250 and 300 mm. 
saline solution. If these conclusions are correct, the absorption of the 
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cerebrospinal fluid in the experiments under consideration may be 
expected to proceed at a markedly reduced rate in the most congested 
parts of the sub&rachnoid space. Jugular ligation generally causes 
the venous pressüre in the torcular to equal or exceed slightly the 
pressure assumed by the cerebrospinal fluid. Normally the pressure of 
the cerebrospinal fluid is slightly higher than the venous pressure-in 
the torcular. It would appear, however, from a consideration of the 
anatomy of the intracranml venous system of the dog (Bedford, 1934), 
that the venous pressure will probably be highest in the superior 
longitudinal, the straight and the lateral sinuses. In the remaining 
sinuses the pressure will be undisturbed or very slightly raised. Weed 
has shown that the cavernous sints is particularly fich in arachnoid villi. 
In this region and in the subtentorial and spinal portion of the 
subarachnoid space, cerebrospinal fluid will be absorbed at a rate 
corresponding roughly with that observed when the pressure of the 
cerebrospinal fluid is doubled. The average rate of inflow in fifteen 
experiments was 0°049 c.c. per minute. This figure is slightly lower 
than that obtained when the pressure of the cerebrospinal fluid was 
doubled and the external jugular veins were not occluded. As already 
stated, however, a moderate fall in venous pressure occurred in a 
number of the experiments. This was invariably accompanied by an 
increased rate of inflow of fluid and is no doubt partly responsible for 
the relatively high figure. Nevertheless, it must be admitted that the 
rate of absorption in these experiments was greater than expected. 
The intracranial venous congestion involved the main areas in which 
absorption is generally supposed to take place. A more pronouncéd 
reduction in the rate of absorption’ was anticipated on the basis of 
Weed’s theory of the absorption of cerebrospinal fluid. It is apparent 
that this aspect of the subject is in need of further study. 

A diminution in volume of the cerebrospinal fluid may be brought 
about by a diminution in rate of production while the rate of absorption 
remains unchanged, or by an increased rate of absorption while the rate 
of production remains unchanged. It is also conceivable that a state of 
increased absorption may be accompanied by one of diminished produc- 
tion. We have as yet no precise knowledge concerning the effect of 
changes in the venous pressure on fhe formation of cerebrospinal fluid by 
the choroid plexuses. The results of the-experiments on the effect of 
jugular occlusion on the absorption of isotonic solution when the pressure 
of the cerebrospinal fluid is maintained at its original level would appear to 
suggest that the raised venous pressure did not cause the production of 
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cerebrospinal fluid to be diminished. It is, however, doubtful to what 
extent this conclusion is justifiable. The extrusion “of fluid observed in 
half the experiments may have been caused in any of tle following ways: 
(1) The reservoir may have been set at a lower pressure level than the 
true pressure of the cerebrospinal fluid. Stringent, precautions were, 
however, taken to determine the normal level of the cerebrospinal fluid: 
at the start of all experiments; (2) there may have been an increased 
production of cerebrospinal fluid; (3) the owtflow of fluid may have 
been the result of a diminished rate of absorption into the venous 
sinuses; (4) the venous pressure in these experiments was raised 
suddenly, the resistance to vascular dilatation normally opposed by the 
raised pressure of thé cerebrospinal fuid was almost entirely absent 
and fluid was displaced freely from the subarachnoid space. It is 
possible, therefore, that a condition of edema and vascular dilatation 
was set up in the nervous system. The’effect of rapid drainage of 
cerebrospinal fluid on the blood vessels of the central nervous system has 
been studied in detail by Masserman (1934, 1935). The outflow of 
fluid in the experiments under consideration may therefore have been 
caused in part by a spreading oodema and vascular dilatation of the 
central nervous system. 

To sum up, it would appear that the return of the pressure of the 
cerebrospinal fluid to normal after ligation of the external jugular 
veins is caused by a diminution in volume of the cerebrospinal fluid. 
This decrease in volume of the cerebrospinal fluid may be brought about 
by an increased rate of absorption in those parts of the subarachnoid 
space which are least affected by the raised venous pressure. The fall 
in the venous pressure in the torcular would seem to depend anle on 
the fall in the pressure of the cerebrospinal fluid. 


SUMMARY. 


An attempt has been made to discover the cause of the return of the 
pressure of the cerebrospinal fluid to normal after its artificial elevation 
by jugular occlusion. A study was made of the effect of jugular ligation 
on the absorption of isotonic solution from the subarachnoid space. It 
was concluded as a result of these experiments that (a) the return of the 
pressure ot the cerebrospinal fluid to normal after jugular occlusion is 
due to a diminution in the volume of the cerebrospinal fluid; (b) this 
diminution in volume may be brought about by increased absorption in 
those parts of the subarachnoid space which are least influenced by the 
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raised venous pressure; (c) the accompanying fall in the venous 
pressure in the torcular is mainly dependent on the fall in the pressure 
of the cerebrospinal fluid. 
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VASCULAR LESIONS IN THE BRAIN-STEM AND 
OCCIPITAL LOBE OCCURRING IN ASSOCIATION WITH 
BRAIN TUMOURS? 

BY MATTHEW T. MOORE (PHILADELPHIA) AND KARD STERN (LONDON). 


THE study of vascular lesions occurring in brains which are the seat 
of tumours, using this word in the broad sense of space-taking lesions, 
is important from several points of view. Firstly, their appearance 
complicates the clinical picture and produces difficulties in diagnosis. 
Secondly, an investigation of their pathogenesis may assist ın the general 
problem of intracranial circulation in relationship to lesions producing 
increased intracranial pressure. 

Hemorrhages in the lower brain-stem were first studied in connec- 
tion with traumatic cerebral lesions. Duret (1919-20) described 
multiple small hemorrhages in the region of the aqueduct and the floor 
of the 4th ventricle, which he thought were produced by a sudden 
increase in the local cerebrospinal pressure. In some instances these 
lesions appear some time after the original cerebral trauma (‘‘ Spat 
apoplexie ’’—Bollinger). Kolisko (1911) abandoned Duret’s explanation 
of the pathogenesis of the hemorrhagic lesions and advanced the theory 
of the greater vulnerability of the basilar artery and its branches from a 
mechanical point of view. The earliest comprehensive survey of the 
problem of brain-stem hemorrhage, was made by Attwater (1911) from 
cases of cerebral apoplexy and trauma. In 67 cases he found an accom- 
panying pontine hemorrhage in 30 per cent., mostly in cases where the 
cerebral hemorrhage was large and had ruptured into the ventricle. 
_ He expressed the opinion that the pontine haemorrhage was secondary to 
the cerebral hemorrhage. In one case, however, where there was a 
large pontine hemorrhage and a small hemorrhage in the internal 
capsule, he felt that the pontine hemorrhage was the primary one. 

In a special study of spontaneous multiple cerebral hemorrhages, 
Greenacre (1917) found the combination of a cerebral and pontine 
hemorrhage in 63 per cent. of cases studied. She suggested that in 
these cases a “ friction’ must occur between the two channel beds, the 


1 From the Pathological Laboratory, National Hospital, Queen Square. 
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carotid and the vertebral, and, “ since the meeting takes place in the 
posterior part of the system, owing to the greater length and more 
circuitous route of "the vertebrals, the pressure throughout the basilar is 
presumably increa&ed above that in the other arteries, and its branches 
are subjected to unusual strain.” 

Wilson and Winkelman (1926) recorded a comparative study of 
13 cases of pontine hemorrhages occurring in- 129 autopsies, which 
included 26 cases of trassma, 40 of, vascular disease, 52 of neoplasm 
and 11 of abscess. Of the 13 cases of pontine hemorrhages only 4 were 
associated with the lesions we are here concerned with, namely 3 neo- 
plasms and 1 abscess. Their explanation of the causative factors, like 
that of Kolisko, was that the iftcreased intracrahial pressure pushed 
the pons against the base of the skull. They also suggested that “in 
the traumatic cases it is probable that the upper pons transmits the 
impact from one hemisphere to the other, and thus may be injured 
indirectly.” 

In a series of sixteen cases of brain tumour, Rosenhagen (1932) 
found ten (62:5 per cent.) in which multiple pontine and tegmental 
hemorrhages occurred. He regarded these hemorrhages as analogous 
with the hemorrhages occurring in trauma and as due to sudden 
changes in cerebrospinal fluid pressure. ‘He ascribed the situation of 
these hamorrhages to the exposed position of the basilar artery. 

The problem also was taken up by Bannwarth (1935). He found 
hemorrhage in 4 temporal and 1 frontal lobe tumours, and taking into 
account Rosenhagen’s 6 temporal, 2 parietal, 1 hemispheric, and 1 
frontal lobe tumours, concluded that temporal lobe tumours have a greater 
tendency than others to produce these lesions. In his cases no causal 
relationship with operation could be shown, as only one case had been 
operated upon. In explanation he adopts the general theory of Albert, 
viz., a8 the blood-pressure falls gradually from the arteries to the capil- 
laries and from these to the veins the rising intracranial pressure must 
act first on the veins as the point of least resistance. If the intracranial 
pressure rises sufficiently to compress the veins while the arterial flow 
is still maintained, congestive arterial hyperemia, excessive engorge- 
ment of the capillaries, and, finally, arterial hemorrhage by diapedesis 
and by rhexis must occur. If acute brain swelling occurs in tumours 
‘the resulting increased-pressure first acts upon the region offering least 
resistance, i.e. the foramen magnum and the lower brain-stem, com- 
pressing the veins in that area and producing arterial congestive 
hyperemia and hemorrhage in the described way. 
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‘Stern (1933) pointed out that in diseases with increased intracranial 
pressure other than tumours, e.g. cerebral injury, renal disease, and 
heatstroke, the arteries in the: posterior fossa seem tS be exposed to an 
unusual strain and are more liable to disturbances than the arteries in 
other areas of the brain. In a.case of heat-stroke he described sym- 
metrical softenings in the lower brain-stem and hypothalamus, ft both 
occipital poles and in the left hippocampus. There was a separation of 
the intimal layer of the extracerebral arteries supplying these areas and 
blond was found between the intima and media. Apparently this had 
happened in previously healthy arteries. Finally, Adolf Meyer (1920), 
in his paper on “ Herniation of the Brain,” described one case of 
cerebral tumour in Which compression of the posterior cerebral artery 
had caused an infarction of the occipital lobe. 

Material and method.—One hundred and thirty brains in which brain 
tumour or abscess was present were examined for evidences of vascular 
lesions. Of these the first hundred were from a consecutive series of 
autopsies, and 14, or 14 per cent., showed accompanying vascular lesions 
either in the pons, mid-brain or occipital lobe. In addition to these 
14 cases, 4 showing vascular lesions were examined among the remain- 
ing 80 brains of the entire group. Five of the total of 18 cases of 
hemorrhage cases presented the gross appearance of occipital lobe infarc- 
tion. Fourteen cases were studied histologically in frozen and celloidin 
sections with Nissl, Hematoxylin-Van Gieson and Herxheimer-Shar- 
lach R stains. The basilar artery and its branches and the posterior 
cerebral and its calcarine branches were dissected out, embedded in 
paraffin and studied with Hsmatoxylin-Van Gieson and Weigert’s 
Elastica stains. 

To Dr. J. Godwin Greenfield we are indebted for the privilege of 
using this material and for his autopsy reports, and to the honorary 
physicians of the National Hospital, Queen Square, for permission to 
review the following case reports. 


Calearine Infarction. 

Case 1.—E. B. (Case No. 67/87), female, aged 43 (Dr. Gordon Holmes), 
was admitted to hospital on March 1, 1987, complaining of weakness of the 
left arm and left leg. She had enjoyed her usual health until one week 
before entering hospital. On February 25, 1937, she yawned the greater 
part of the afternoon and was very drowsy. She. had difficulty with her 
speech, and found her left arm weak. On February 27 her left arm had 
become useless and she noticed that she was dragging the left leg. There was 
no pain or headache associated with these symptoms. 

The past medical history and family history were irrelevant. 
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Examination—She ghowed a , definite organi@ dementia and marked 
stammer and was unable to carry out elementary mathematical problems. 
There was no evidencé of field defect and the optic discs were normal. The 
pupils were irregular$and unequal in size, completely inactive to light but 
reacted well on convergence. There was marked -bilateral ptosis. There was 


hypalgesia on the nose and cheek; more pronounced on the right side. The 
a = 





Fic, 1. Fic. 2. 
Fic. 1.— Case 1. Bilateral infarction of the calecarine cortex in a case of tumour of 
the right basal ganglia. 


Fic. 2.—Case 1. Laminar softening of the cortex. There isa clear demarcation between 
the first two layers which are fairly well preserved and the reffiaining layers which bear the 
brunt of the softening. (Cresyl violet—low power. ) 


corneal reflex was more active on the right than on the left. She showed 
left lower facial weakness. The other cranial nerves were normal. There 
was definite left hemiparesis, more pronounced in the upper limb and accom- 
panied with a moderate degree of hypertonus. There was a slight hypalgesia 
over the thorax and inner border of the upper limbs. 

On March 2, 1937, lumbar puncture gave a clear cerebrospinal fluid under 
120 mm. water pressure. There were no cells, total protein was 0°18 per 
cent. During the patient's stay in hospital her mental and neurological abnor- 
malities became more marked. On March 30, she showed a paresis of conjugate 
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ne öt ie eyes” upwards. Slight. ies: first appeared a” 4 
April 11 but was not definite until May 6. She had periods of unconscious- 
i — ` ness from May 16 to the time of her death on June 12,°1987. an 
Post-mortem examination.—The examination of the viscera was negative. 
_. Brain: The arteries were healthy. There was no swelling of the pons, 
. -  mid-brain or convolutions. On examining the thalamus on the two sides after — 
ineision of the corpus eallosum, that on the right was definitely bulkier than ~ 
that on the left. On incision here a rounded mass of tumour with ill- defined — a 
` -edges was seen just under the ventricular surface of the thalamus, and this 
was found to extend downwards into the right side of the mid-brain. 
In the calearine region, on both sides, the cortex was shrunken, soft, and of 
- reddish-brown colour. The change was not limited to the area striata. ‘only : 
but also extended toethe area parastriata. The cortical involvement on the 
left side was more extensive than on the right (fig. 1). However, in some 
cross sections the lesions appeared almost symmetrical. The white matter 
adjacent to the involved area was somewhat soft and shrunken but did not 
show any abnormal colour. The vessels supplying the areas described appeared 
quite normal macroscopically. 
i Histological examination.In the right occipital cortex (areæ striata and 
- parastriata) the ganglion cells of several gyri had entirely disappeared and had 
been replaced by a glial proliferation and new vessel formation. The first 
two cortical layers appeared fairly well preserved but the remaining layers 
were severely involved (fig. 2). There was considerable proliferation of glial 
elements, consisting of macroglia and “ gemiistete” glia. In addition, there 
was an extensive capillary proliferation, segregation of capillary endothelium, 
and “gitter” cell formation; the white matter only showed a slight diffuse 
glial reaction. The left occipital cortex presented the same histological appear- 
ance. The pial vessels in the areas studied were normal. The dissected 
isolated occipital and pontine vessels were normal histologically. 





Calearine Infarction. 


Case 2.—A. S. (Case No. 39/35), male, aged 44 (Dr. James Collier), was 
admitted to hospital on” "February 21, 1935, complaining of headaches and 
- confusion in speaking. Tn September of 1934, during an attack of influenza, - Bae 
e noticed that his memory was poor. Since that time he had persistent : 
headache, chiefly in the evening. During October, 1934, he developed difficulty. 
in writing and speaking. He lost interest in his family and his business. 

= _Examination.—The patient was emaciated. There was a difficulty in speech 

and his attention was poorly sustained. The nasal halves of both dises were 
S blurred, but no definite swelling was visible. There was slight bilateral ptosis.. | 
Movement of the right upper lip was somewhat weak. The other. cranial — 
- erves were normal. Motor function and sensation could not be proper 
evaluated because of lack of co-operation. The reflexes showed no abnorm 
ee responses. The blood- pressure was 130 systolic, 90 diastolic. The bloo 
eount was normal. 3 
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| A ventricular puncture performed — 26, 1935, showed the following : 
Initial pressure 300 — mm. water, clear, colourless fluid, 4 cells, total 
protein 0°08 per cent.,"Nonne-Appelt +, Pandy +, Lange negative. 
. Post-mortem exambnation> Brain only examined. The skull was thinned = 
showing convolutional markings. | ‘This was more marked in the region of the 
left parietal eminence where the inner aspect of the bone was redder anc 
gher than on the right, and the middle meningeal furrow was obliter: 
o left temporal lobe was attached to the dura over the outer aspect of 
< pole, and here a large firm tfmour was found coming to the surface. There. 
was a yellowish degeneration in its mesial aspect. y 
There was considerable absorption of the bone in both middle cranial fossæ, < 
especially the left. The floor of the sella was a very thin shell of bone and the 
posterior clinoid processes were almost completely destroyed. ee 
Examination of the brain after fixation showed a very marked komien ae 
= of the left uncus through the incisura tentorii, and a fairly deep notch with 
-underlying bruising was found on the outer surface of the right crus. 
At the margin of the left calearine fissure the cortex was thinned, was 
reddish in colour, and. appeared to be softer than normal. The pons and 
:- mid-brain showed no change. 
Histological examination.—In the affected calearine area no nerve-cells 
-could be seen, but the glia cells, especially microglia, were swollen and increased 
in number. The vessels were proliferated and the capillary wall elements 
were also swollen. There was considerable “ gitter ` cell formation. — 
The extracerebral vessels, both arteries and veins, in the involved area 
appeared normal. 


























Calecarine Infarction and Pontine Hemorrhage. 


— TN H. (Case No. 47/34), male, aged 31 (Dr. C. P. Symonds), was 
— on to hospital on April 4, 1934, complaining of pains in the eyes and 
-= headache. These complaints had been present for four months. For one and à 
: a half years he had had pains over the front of the left side of his chest. There 
had been tingling in the legs for a few days. He had had one attack of 
vomiting three weeks before admission. 

| Ezamination.—There was a bilateral papilleedema of three to four dioptres. 
--» Phe remaining cranial nerves were normal. The reflex activity showed no 

= gross abnormalities. The gait was unsteady. All forms of sensation were 
normal. The blood-pressure was 150 systolic, 80 diastolic. 
= Lumbar puncture performed April 9, 1934, showed an initial pressure of 
ae 00 + mm. water. The cerebrospinal fluid was normal. The patient had 
< gevere headache following the punctur8, but then remained fairly well until 

April 12, when he could not be roused. The cor neal reflexes became very 
sluggish, and the pupils were fixed to light stimulation. The pulse dropped 
oS i rom 64 to 52. 100 c.c. of 50 per cent. glucose administered intravenously 

produced no improvement. The right lateral ventricle was tapped in the ward 

J on April 12 and 100 c.c. of cerebrospinal fluid removed. The ventricular fluid 
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was normal. The patient remained unconscious. ,A posterior fossa decom- 
pression was performed under general anesthesia. The dura was not under 
abnormal tension and on opening the dura the cisterna thagna was considerably 
distended with cerebrospinal fluid. There was no hertiation of the cerebellar 
tonsils. The patient died on the day of operation. , 

Post-mortem examination.—Only the brain examined. There was a recent 
posterior fossa decompression and burr holes for ventriculography were present 
in the parieto-occipital regions. The convolutional markings on the inner 
surface of the skull were pronounced. The*floor of the sella turcica was 
membranous. The middle cranial fossæ and the lesser wings of the sphenoids 
on both sides were considerably eroded by pressure. 





A B 


Fic. 3.—Case 3. A. Hemorrhagic infarction of the visual cortex, B. Necrosis and 
capillary hemorrhages confined almost exclusively to the cortical grey matter. (Hematoxylin 
Van Gieson—low power.) 


Both occipital lobes were very congested and soft in the inner and inferior 
surfaces. The condition was one of acute massive hwmorrhagic infarction 
(fig. 3A). On opening the lateral ventricles there was a bilateral hydrocephalus, 
and on removing the fornix a pale-green ball-like tumour was found attached 
slightly to the tela chorioidea and lying over the iter of Sylvius. 

In the arew parastriata and striata areas the cortex was somewhat soft and 
reddish brown in colour, this state being limited to the grey matter only and 
not extending into the subcortex. Of the left side a small area of the posterior 
portion of the temporal lobe was similarly involved. The posterior cerebral 
artery, on macroscopical examination, appeared normal on both sides. 

In the tegmental part of the pons extending up to the caudal third of the 
red nucleus there were multiple hemorrhages in the distribution of the 
central arteries. 
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A: - Histological examination. —The tumour ; colloid ball tumour (para- 
~ "phy tel cyst). The pontine hemorrhages ¥ were ee of many small single 
hemorrhages. The nérve-cells in the hemorrhagic areas had undergone _ 
"severe cell change. Titre was no glial or mesodermal reaction in the vicinity 
of the hemorrhages. In the sections examined there was no evidence of | 
ture of the vessels, ‘Ina a section from the right area parastriata the cortex F : 
ed multiple capillary hemorrhages throughout its extent in two opposite ` 
eS | (fig. 38). The nerve-cells in the affected area showed hyperchromatic ee 
~~ nuclei and impregnation with frmol pigment (hematin). The capillaries in 
“the centres of the small haemorrhages did not show endothelial cells with. l 
nuclei, but were represented by indistinct shadows of formol pigment, or 
showed an entirely amorphous structure. There was no glial or mesodermal — 
_. reaction. The superfieial layers showgd much less heporrhage than the- T 
3 remaining part of the cortex. l 
The extracerebral arteries and veins of the area examined appeared | 
cee pormal. | 





| Calearine Infarction and Mid-brain Hemorrhage. 
Case 4-—A. C. (Case No. 109/35), male, aged 49 (Dr. George Riddoch), was 
— admitted to hospital on December 12, 1935, complaining of continuous head- 
ache and frequent vomiting. One month before admission he had a sudden 
< gevere headache in the middle of the night which lasted fifteen minutes. It 
recurred the next night and the following day, and was then accompanied by 
vomiting. He also had tremor of the right hand and disturbance of taste. oo 
He lapsed into a deep coma on the day of admission. He vomited while — 
comatose. | 
Examination. —The patient was deeply comatose and had stertorous respira- 
: a The vomit contained coffee-ground material. The pulse-rate was 58. 
Both fundi showed papilloedema with retinal hemorrhages. The swelling was 
to five dioptres in each disc. There was bilateral ptosis. The corneal 
oflexes were absent. ‘The left corner of the mouth was lower than the right. 
h 2 remaining cranial nerves could not be tested properly. The limbs were : 
} flaccid and motionless, and the reflexes abolished. Sensation could not. be 
` tested. oe 
- On the day of admission an emergency ventricular tap was —— 
The ventricular pressure was 330 mm. water pressure. The fluid from the left 
ventricle was clear and contained no cells, the total protein was 0°3 per cent. 
On the right side yellow fluid was obtained from a temporal cyst. The patient 
died the following day without having regained consciousness. 
Post- mortem egamination: -The skull was generally thin, especially both 
~ middle cranial fosse, the right more tharf the left. The dura was very tense. 
A soft cystic tumour occupied the inner part of the right temporal lobe, 
| including the hippocampal gyrus and the uncus. The outer convolutions were 
quite flattened and very soft. 
7 M ultiple, diffuse hæmorrhages were present in the dorsal part of the aii: 
= Ton 

























‘Phere : was i hashiorrhage the size of an. olive. above the | sight la ite 
entricle in the subcortical white matter of the superior portion of the cant 
el of the parietal lobe. The walls of the hemorrhagic cavity were smooth, 
nd the elot was adherent only in a very small partb. g 
The calearine fissure and the adjacent areas of the cortex of the right 
a ccipital lobe were evenly shrunken and softened, and were of ,a greyish= 
rown colour with stippled reddish-brown areas. This change did not involve 
he subcortical white matter. The entire lesion extended from the parieto- 
¿occipital suleus to the tip of the occipital@pole. The left occipital lobe n 
(macroscopically) was intact. The basilar and both posterial cerebral arterie £ 
— no macroscopical changes. 
-o Histological examination.—The tumour is a glioblastoma. In thie fight af 
Carew striata and pargstriata there are multiple capillary hasmorrhages through- 
out the grey matter. The capillaries show amorphous walls or have disin- 
tegrated. In some areas within the affected zone they are only extremely 
congested. The nerve cells in the same area show ischemic and homogeneous 
cell change and are impregnated with formalin pigment (hamatin). There is 
-no glial or mesodermal reaction. 
The extracerebral vessels are hyperemic and show formalin pigment in fine 
dust-like granules in their wall. 
The left occipital cortex shows a similar change but to a — degree. 


































Calcarine Softening. 


Case 5.-C. P. (Case No. 72/33), female, aged 47 (Dr. F. M. R. Walshe), 
was admitted to hospital on September 26, 1933. She gave a history of 
headaches over a period of three years. There was trembling of the right 
hand eighteen months previous to admission, and an acute spastic paraplegia 
with loss of power of the legs thirteen months before entering hospital. The 
paraplegia lasted a fortnight, but cleared up completely. For several weeks 
before entering hospital she had severe headaches, numbness of the left side 
of the body, vomiting, loss of memory and failing vision. 
: Examination.She manifested difficulty in understanding written words 
<c and her memory was very defective. There was a complete right homony- 
nous hemianopia. The dises edges were blurred. There was numbness of . 
he left side of the face. The tendon reflexes - were more active on the right 
han on the left, and the right plantar response was in flexion whereas the left 
ras. in. extension. 
-- Lumbar puncture performed September 27 showed cerebrospinal fluid 
under a pressure of 275 mm. water, and containing a total protein of 0°175 
por cent. 
í A right parietal decompression was performed October 10, 1933. The 
patient died on the following day. | 
Post-mortem examination.-There was a marked herniation of the — uncus 
on the left side through the incisuřa tentorii, and a well marked notch was 
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present on the right crus at the junction of the pons and mid-brain. There 
was a well-marked cerebellar pressure cone. A firm tumour adherent to the 
dura was found in theeegion of the left marginal gyrus. There was an area 
of cortical softening effecting the territory supplied by the left posterior 
cerebral artery. This included the whole of the calcarine region and sur- 
rounding parts of the cdrtex (fig. 4). 

The spinal cord was normal. 





Fic. 4.—Case 5. Unilateral softening and shrinkage of the visual cortex. 


Histological examination.—The tumour is an endothelioma. The affected 
cortical area shows a marked © gitter” cell formation in the lower cortical 
layers. The first two layers are better preserved. In Scharlach R preparations 
the gitter cells which are strictly confined to the grey substance contain 
bright red-staining substances. 

The extracerebral vessels are normal. 


Softening in Mid-brain. 


Case 6.—W. G. (Case No. 48/37), male, aged 67 (Dr. Gordon Holmes), was 
admitted to hospital on April 5th, 1937, complaining of weakness, failure of 
memory, speech difficulty, drowsiness, restlessness and headaches. During 
February, 1937, the patient was taken ill with influenza, following which he 
remained quite weak, had persistent light-headedness, spoke in a silly fashion 
at times, had difficulty in reading and writing and developed headache and 
periodic attacks of drowsiness. The day before admission his drowsiness was 
interrupted by accesses of great violence’and his speech was unintelligible. 

Examination.—The patient was conscious, but was unable to give any infor- 
mation because of a severe dysphasia. He did not understand simple commands, 
and he was unable to write or name common objects. The dises were normal. 
There was disinclination to move the eyes to the right. The pupils were 
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irregular and the light response was diminished. There was some hypalgesia 
on the right half of the face. The right lower half of the face showed a 
marked weakness. The other cranial nerves could note be properly examined 
There was a mild right hemiparesis. The heart was moderately enlarged to 
the left. The blood-pressure was 170 systolic, 120 diastolic. 

Lumbar puncture performed on April 12, 1937, showed the cerebrospinal 
fluid under a pressure of 300+ mm. water. The fluid was yellow, containing 
25 cells, total protein 0-4 per cent., Nonne Appelt ++, Pandy +++, Lange 
and Wassermann negative. During the stay iw hospital the patient deterior- 
ated steadily. On April 13 an exploratory puncture of the left temporal lobe 
was made. The patient died on May 1, 1937. 
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Fig. 5.—Case 6. A. Softening in the mid-brain. B. Low power view of A. 
(Cresyl violet.) 


Post-mortem examination.—Only the brain examined. The dura was 
moderately tense. There was no evidence of a cerebellar pressure cone. A 
brownish tumour mass was exposed filling the left optic thalamus and pro- 
jecting into the 3rd ventricle. The tumour extended from the rostral end of 
the left thalamus to the posterior tip of the posterior horn of the lateral 
ventricle. It involved the basal ganglia and their surrounding structures and 
showed a partial gelatinous degeneration. 

There was a greyish soft area in the mid-brain which extended from the 
medial 3rd of the peduncle along the substantia nigra up to the level of the 
oculo-motor nucleus (fig. 5A). The pgns and the cortex of the occipital lobes 
appeared normal. The basilar artery and the posterior cerebral arteries were 
macroscopically normal. 

Histological examination.—The affected area in the pes pedunculi shows a 
softening in a rather early stage with an extensive glial reaction, formation of 
plump glial cells, capillary proliferation, but with few gitter cells yet developed 
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(fig. 5b). The ganglion cells of the substantia nigra are unaffected in the 
marginal zone of the area. The extracerebral vessels are normal. 


a 
H@morrhages in the Mid-brain and Pons. 


Case J.—L. J. (Case No. 31/37), male, aged 44 (Dr. C. P. Symonds), was 
admitted to hospital on March 23, 1937. His symptoms appeared in 
January, 1937, with convulsive seizures. Following this he progressively 
developed speech difficulty, “drowsiness, emotional changes, and six days 
before admission a left homonymous hemianopia. The patient was left 
handed. 

Examination.—Both optie dises Showed blurred edges and the retinal veins 
were engorged. There was a divergent strabismus and the pupils were fixed 
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Fic. 6.—Case 7. A. “Fountain-like ” hemorrhage in the mid-brain. B. Arteriole 
showing distension and partial dissection of the coats, subadventitial hemorrhage, and 
marginal position and beginning emigration of the leukocytes. 


to light. There was left facial weakness and left hemiparesis of the limbs with 


increased reflex activity. 

On March 23, 1937, exploratory craniotomy revealed a right temporal lobe 
cyst. The patient died on the following day. . 

Post-mortem examination: There Was no evidence of cerebellar or temporal 
lobe herniation. A soft brownish hemorrhagic tumour mass involved the 
right temporal lobe, extending from the tip of the lobe well into the occipital 
lobe. A hemorrhage, external to and below the posterior horn of the ventricle, 
formed the most backward portion of the mass. This hemorrhage appeared 
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— to. the aoatral grey matter of the aguedies.: Baths were —— — 
numerous punctate ‘hemorrhages. The tegmentum ¢! the pons was also 
volved with numerous punctate hamorrhages (fig. 6a). The basilar artery 
peared normal. | 
` Histological examination.-—The tumour is a large-celled — — The 
smorrhagic area in the mid-brain consists of many single hemor rhages 
most of which show clearly their relationship to vessels. There are peris · 
idventitial hemorrhages around arterioles extending into the surrounding — 
‘issue. The walls of the arterioles show all degrees of necrotic change. Ti 
ome haemorrhagic areas only the shadow of arterioles are to be seen in. the 
-eentre. In some of these vessels the adyentitia is to be seen in a disintegrating | eae 
state and the haemorrhage extending though the sub-adventitial into the > 
> peri-adventitial space. The leucocytes show a marginal arrangement in these 
a -wessels (fig. 68). The capillaries are distended. The extracerebral vessels 
: are dilated and full of blood, but apart from this are normal. There j is poo 
-reaction of glial or mesodermal cells in the area of the hæmorrhage. 


Hemorrhages in the. Mid-brain and Pons, 


oooO Case 8.-—8. L. (Case No. 109/36). male, aged 45 (Dr. Gordon Holmes), — 
admitted to hospital November 28, 1936. The patient contracted a septic = 
Infection of the left little finger in September, 1936, following which he — 
developed convulsive seizures, headaches, vomiting, giddiness, for — 
- speech disorder, and visual disturbance, 

Hxamination.—The following positive signs were found: general mental 
impairment, drowsiness, blurring of both optic dises and congestion of retinal 
veins, right corneal reflex sluggish, left lower facial weakness, weakness of left 

~~ arm, abdominal reflexes absent bilaterally, extensor plantar reflex on the left 
side, slight loss of postural sense in left fingers and toes. 

J A transitory state of coma existed on the day after admission. During 

this coma the pulse was 70 and the blood-pressure 100 systolic, 70 diastolic. 

He regained consciousness, and on December 8, 1936, he again lapsed into — 

ma and died the same day. oe 
Post-mortem eramination.—The dural sinuses ‘were normal. There was ẹ == 
ght cerebellar pressure cone and a very marked herniation of both temporal 
es through the incisura tentorii, especially on the right side. On the right — 
e, in addition, the anterior part of the lingual gyrus was purplish and — 
showed small hemorrhages. The right, hemisphere was herniated under the 
> falx cerebri. 
There was a thin-walled abscess in the inferior portion of the right parietal = 
lobe. The pons showed hemorrhages in several areas, the largest being in the — 
coentre, and several small ones in the periphery (fig. 7). In the mid-br: 
sapere were many small hemorrhagic areas at the level of the caudal end. of 
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the red nucleus. Some*of these were symmetrically situated between the red 
nuclei. The basal vegsels appeared normal. 

Histological examination.—A section (Nissl) from the area of the left 
herniated uncus shows a normal histological appearance of Ammons horn and 
the adjoining temporad gyri. 

The pontine hemorrhages show some tendency to spread in the direction 
of the surrounding myelin fibre network. These areas contain necrotic ganglion 
cells with marked incrustatjpn of formalin pigment. There is no tissue 
reaction around the hemorrhages. The extracerebral vessels appear normal. 





Fic. 7.—-Case 8. Right parietal lobe abscess and central pontine hemorrhage. 


Pontine Hemorrhage. 


Case 9.—J. G. (Case No. 102/36), male, aged 58 (Dr. C. P. Symonds), was 
admitted to hospital on October 24, 1936. He had complained of frontal 
headache for one year and dizziness for six months preceding admission. 
There was a progressive deterioration in speech and strength for two months, 
and he began to have attacks of vomiting one month before coming to 
hospital. 

Examination.—He showed a rather severe aphasia, a tendency to persevera- 
tion, and was unable to write despite being able to form letters. There was 
complete alexia. The edges of both discs were blurred and the retinal veins 
were full. Nystagmus was present, more marked on the right. There was a 
slight right lower facial weakness. The posture in the right arm was poorly 
maintained and he balanced insecurely on the right leg. The blood-pressure 
was 120 systolic, 85 diastolic. 

Lumbar puncture on October 25, 1936, revealed a pressure of 165 mm. 
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water. The cerebrospinal fluid was slightly yellow and contained 14 cells to 
the cubic millimetre. The total protein was 0°22 per cent. 

The patient died on November 12, 1936. 





B 


Fic, 8.—Case 9. Multiple pontine Remorrhages at different levels (A, B). 


Post-mortem examination.—The dura was very tense. There was no 
cerebellar pressure cone. The inner part of the left temporal lobe was 
herniated through the incisura tentorii. The crus on the right side was bruised 
fairly deeply and tore when the brain was turned over. 
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oo o * There was a tumour in the left middle temporal gyrus at the posterior —— 
leit the fissure of Sylvius. On section it extended inward and upward as a — 
oe yellow degenerated mass. 
‘The ventral part of the pons and most of the tegmentum (fig. 84) was — 
ploughed up by hambrrhages. In the caudal 3rd of the pons the. hæmorrhage 
peared to be limited to the central core of the pons (fig. 8B). : 
The neighbourhood of the. tip of the posterior horn of the right lateral 
ricle was of a softened conmeraney: There was no evident disease of the 








“Histological exanunation. —The tumour is a glioblastoma. — 

In a section from the pons (cresyl-violet), there are hamorrhages in several oe 
layers, some of which show a small necrotic vessel in the centre. The ganglion — 
cells in the hwmorrhagic area show severe cell change and are impregnated — g 

with formalin pigment. There is fo mesodermal or®%glial reaction in the ~ 
z affected areas. The right cerebral cortex is normal histologically. “The 
extracerebral vessels are normal. | 
Pontine Hæmorrhage. 
Case 10.—F. H. (Case No. 74/36), female, aged 60 (Dr. G. Stewart), was 
-admitted to hospital on August 18, 1936. She gave a history of convulsive 
< geizures over a period of three years, weakness of the right leg, and later of 
the right arm, mental impairment and speech difficulty. 

Examination-—She showed the following signs: A disturbance of speech 
comprehension, writing and memory; slight blurring and hyperemia of the 
optic discs ; right homonymous hemianopia, and right spastic hemiparesis. 

A lumbar puncture performed on August 20, 1936, showed a pressure of 
190 mm. water, clear, colourless cerebrospinal fluid, which contained no cells 


and a total protein of 0° 09 per cent. The patient died on September 5, 1936. 
Post-mortem examination.—There was a left frontal vertical endothelioma. 


Le The base of the sella was thinned, and the sphenoidal sinus contained some 
— pus. The tumour lay immediately in front of the fissure of Rolando, sparing ó 
-the paracentral lobule, and reaching half-way downwards to the Sylvian fissure... 

There a was central haemorrhage in the tegmental part of the pons which 
extended up to the level of the red nucleus. There were also small hamo- 
rrhages in the peripheral areas of the pons. The rostral part of the central. 
‘pontine hemorrhage corresponded to the vascular distribution of the caudal 

twigs of the retromammillary (Foix-Hillemand) branches of the posterior 
. cerebral arteries (figs. 9A, 9B, 9c). The basal vessels showed no changes 
macroscopically. 

Histological examination.—The tumour is an endothelioma of very fibrous 
type. The section of the involved area shows a large hemorrhage surrounded | 
by a zone of vascular congestion. A€ another level not far distant from the 

= main focus of hemorrhage, the vessels are surrounded by a peri-adventitial 

-= hemorrhage. The branches of the retromammillary vascular bundle are -con- 

~~ gested but show no mural change. At a level more caudal to the area of the 
hæwmorrhage, the basilar artery shows intimal proliferation of a mild degree. 





ge. — Case 10. : Mu tiple central hamorrhages in — mi are corresponding to 
— the caudal br ranches of the ———— ar èr oe (B). 
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Examination.—There was a definite aphasia; blurring of both optic discs ; 
right lower facial weakness, right hemiplegia; hvpalgesia of the right side of 
the body ; incontinenee of urine. Lumbar puncture performed on November 9, 
1935, showed a prgssure of 300 mm. water. The cerebrospinal fluid was 
slightly yellow, contained 8 cells to the cubic millimetre, total protein 0°04 per 
cent. For twenty-four hours preceding death she was stuporous and the 
temperature was slightly elevated. She died on November 10, 1935. 

Post-mortem examination.—The dura was tense and the convolutions were 
flattened in both hemispheres. There was no cerebellar pressure cone. A 
left temporal lobe tumour was found which extended into and involved the 
left frontal lobe, the 3rd ventricle, the right optic thalamus and the optic 
chiasma and optie nerves. The ventricular portion of the tumour was hemo- 





Fic, 10.—Case 11. Basal portion of the tumour, and pontine hemorrhages from 
the central ascending branches of the basilar artery. 


rrhagic. (Only the left half of the brain and brain-stem was available for 
examination.) 

Several of the long central arteries of the pons and mid-brain showed 
peri-arterial hemorrhages along their entire course (fig. 10), The substantia 
nigra showed greyish discoloration and engorged vessels. The basilar artery 
showed no pathological change. 

Histological examination.—The tumour is a glioblastoma. 

A section at the rostral level of the left half of the mid-brain, shows peri- 
adventitial hamorrhages around some of the central ascending arteries. The 
ganglion cells in this area are intact. There is no tissue reaction. The 
extracerebral vessels in the interpeduncular fossa are extremely dilated but 
otherwise normal. 
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Hemorrhages in Mid-brain. 


Case 12.—A.C. (Case No. 85/35), male, aged 55 (Dr. Gordon Holmes), was 
admitted to hospital in a comatose state on September Y8, 1935. Headaches 
began gradually about one month before admission. ‘Shere was a history of 
a convulsive seizure and of speech difficulties which began after the onset of 
headache. Fora fortnight previous to admission the patient showed drowsi- 
ness alternating with restlessness, incontinence of urine, mumbling speech 
and finally coma. He had been a heavy drinker for many years. 

Examination—The patient was comatose afid cyanotic, and had Cheyne- 
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Fic. 11.— Case 12. A. Low power magnification showing the multiplicity of hemorrhages 
and their arrangement around necrotic vessels. In the marginal zones the extravasated 
blood follows the network of the fibre-tracts. (Cresyl violet.) B. Complete splitting up and 
necrosis of the layers of the walls of a vessel within a hemorrhage. Fig. 6» shows the same 
process in an early stage. (Cresyl violet—high power.) 





Stokes’ breathing. There was a blurring and hyperemia of both optic dises, 
the pupils were equal in size, dilated and fixed to light, there was a spastic 
paralysis of the arms and legs, and bilateral plantar extensor responses. 
Lumbar puncture performed on September 28 showed a slightly blood-stained 
cerebrospinal fluid under a pressure of 5mm. Three c.c. were removed and 
30 c.c. of normal saline injected. The ‘pulse became stronger, but soon there- 
after weakened and the patient died. 

Post-mortem examination.—The dura was tense and there was a slight 
cerebellar pressure cone. There was a definite herniation of the left uncus 
through the incisura tentorii. There was a tumour, hemorrhagic on its under 
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— — in the left frontal pole. — the mid- brain there were multiple 
< hæmorrhages from the central and peripheral vessels. The central hemorrhages — 
extended up to the level of the oculomotor nuclei. The hemorrhages all — 
„appeared to be of the same age. The basal vessels appeared normal. The — 
ne art, aorta and kidneys showed. no pathological changes. | 
Histological examination. —The tumour is a polar spongioblastoma. ; 
A section of ‘the brain-stem at the caudal level of the red nucleus shows 
f ultiple hemorrhages in the area of the central ascending arteries. In e 
hemorrhagic area a vessel, apparently the source of the hamorrhage, is to 
<- seen (fig. 114). The vessel wall shows necrosis and the layers are partially. f 
split (fig. 11B). There is no glial reaction in the surrounding tissue. The 
ganglion cells in the involved areas have either entirely disappeared or show __ 
severe cell change. The extracerebral vessels in relation to the hemorrhagic 
area are normal. | 










Hæmorrhages in the Mid-brain and Pons. 


Case 13.-—E. T. (Case No. 59/35), male, aged 47 (Dr. C. P. Symonds), was 
= admitted to hospital on July 8, 19385. His symptoms began four months 
EES before admission, with focal convulsive seizures involving the right hand and 
oe face, weakness of the right arm and leg, and difficulty in speaking. These 

were followed within a month by loss of memory, drowsiness, loss of vision 
and increasing weakness of the right arm and leg. ae 
Examination.—The patient showed speech disturbance and defect of 
memory. The optic discs were normal. There was a right hemiplegia. On 
the right side, sense of position, two-point discrimination, and vibration sense — 
were greatly impaired. oe 
es Lumbar puncture performed July 9, 1935, showed a clear cerebrospinal —— 
under 190 mm. water pressure, containing no cells, and a total protein 
— of 0-075 per cent. 
He had several convulsive seizures in hospital, and by July 18 had become 
ae quite drowsy. The edges of the optic dises were blurred and the right arm and 
< Jeg had become spastic and powerless. He died on July 23, 1935. 
Post-mortem examination.—-The left parietal lobe bulged considerably and 
-- the convolutions in the upper part of the lobe were much widened and flattened. 
-. A eystic tumour, the size of a hen’s egg, occupied the upper part of the 
parietal lobe. Very small nodules of tumour tissue wêre also found under the © 
~~ ‘gortex of the right temporal lobe, near the vertex of the left frontal lobe, on the : 
_ side of the mid-brain, and in the white matter of the cerebellum. 
— In the rostral part of the pons ang the caudal part of the mid-brain there- 
oS were multiple hemorrhages, partly confluent, partly isolated, which seemed to — 
beo of the same age. The confluent hemorrhages were from the central arteries. 
> There was a small tumour nodule, the size of a pea, in the upper level of the 
= ponto-cerebellar fibres and lying 2 mm. from the central hemorrhage in the 
pons. The basal vessels showed no macroscopical abnormality. 
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rphous SA There i is no — reaction round te —— “The y 
cerebral vessels appear intact. : 















Hemorrhages in the Mid-brain and Pons. 


— 14.—T. K. (Case No. 40/34), male, aged 49 (Dr. James Collier), was 
mitted to hospital on March 13, 1934. He gave a history of difficulty in 
( pading for eighteen months preceding “his adnfssion. Weakness of- thig, left — 
rm and leg, and trouble with micturition began about two months be 
oming into hospital. He complained of headache when using bis oyes 
ding small print. j 
=o Hxamination.—Tee patient was drowsy and incontinent of fæces — wring. — 
There was a left homonymous hemianopia. The optice discs were blurred and 
~- the retinal veins engorged. The pupils were irregular and inactive to light. 
> There was bilateral ptosis of the lids, a marked left lower facial weakness, and 
a left spastic hemiparesis. All forms of sensation were impaired on the left 
es a side. Blood-pressure, systolic 105, diastolic 85. The patient died on March 19, . 
1984. 
— Post-mortem examination.—The dura was generally tense. The cerebral 
|- eonvolutions were flattened. There was a slight cerebellar pressure cone and 
the right uncus had herniated somewhat. There was an area of fluctuating | 
' swelling behind the Rolandie fissure and above the fissure of Sylvius on the 
> yight side. On incising here thin pus escaped. The cavity, about the size of 
a hen’s egg, was thin walled, | 2 
. In the upper third of the pons and at the level of the posterior colliculi 
‘there were small multiple hemorrhages. Where the section was in the 
. longitudinal direction of the vessels it could be seen that the hemorrhage 
Accompunied the vessel for some distance. The peripheral vessels were less 
affected than the central ones. The basal vessels appeared normal 
~ macroscopically. ; 
There was a tumour in the region of the hilus of the lung. i 
. Mstological examination.—The tumour at the root of the lung is an oe Seek 
ell type of carcinoma. Ao o 
e hæmorrhages in the pons contain necrotic gandiion cells with formnelin os 
ment impregnation and dilated necrotic vessels which are situated in the — — 
re of the hemorrhagic area and are obviously. the source of the hamorrhage. _ 
ere is no tissue reaction around the hemorrhage. ‘The right hippocampus 
d visual cortex are microscopically intact. The extracerebral vessels are 
normal. . 
ee — DISCUSSION. 
Bofors discussing the merely pathological aspect and the pathogenesis _ 
















| of the lesions described, it would be well to consider first their cbnical — 
J T ga Ronnes: 





















* The calcarine séttenings: and ‘the lesions in i the brain-stem, wisthi 
5 ‘softenings or hemorrhages, are morphologically in no way distinguish- 
— able from those seen in cases of cerebral vascular disease. It is quite 
_ probable, thereforeg that the clinical picture of these lesions is similar to 
hat encountered in apoplectic seizures. There is, however, this 
portant difference ; in a case of brain tumour where a vascular lesion 
tervenes the latter affects a patient who usually has already show 
| reurological symptoms which may have come on suddenly with un 
`- > sciousness due to the growth of the tumour itself. If every apoplectif 0 
manifestation in cases of brain tumour indicated that a vascular lesion 
had occurred locally and independent of the neoplasm itself, it might be 
_ expected that such pathological findings would bg encountered more 
_ frequently than, in fact, they occur. On the other hand, in cases where —__ 
- -the patient is bedridden, drowsy and shows poor co-operation, sudden _~ 
— in the clinical course of the illness may escape detection. = — 
In examining our case histories from this point of view, we find 
: come i in which the clinical equivalent to the vascular lesions described’ 
_ appears rather clearly. — 
In Case 3, the patient had suffered from severe headaches after e 
-Tumbar —— but in the succeeding three days he appeared quite 
well. Then one morning he could not be roused and the degree of 
coma made an emergency ventricular tap necessary. He died the same  —_ 
day. The gross and microscopic appearance of the involved tissues is 
typical of a fresh ischemic infarction of the cortex and a fresh 
_ hemorrhage into the brain-stem. They represent the anatomical 
: sqnivalent of the sudden final event in the patient’s history. — 
In Case 4, coma set in one day before death. Here fresh hemorrhages — 
o without any signs of connective tissue or glial reaction were foundin 
the mid-brain and occipital lobe, and it is very likely that the final 
= comatose state was connected with these hemorrhages. Cases 8, 11 
and 12 are very similar, and they all showed a final comatose or 
stuporous stage. In view of the fact that in these cases the brain-stem 
<. hemorrhage was fresh, we are inclined to regard it as the final cause — 
; of death and the anatomical equivalent of the final clinical picture. | 
It is quite evident that a localized cortical softening, not accompanied : 
by a vascular lesion in the lower brain-stem, does not necessarily produce — 
an alarming clinical picture. Thus in Case 5 the patient noticed a visual 
turbance some weeks before admission, and on examination showed 
a right homonymous hemianopia. Corresponding to the clinical picture — 
there was an ischemic infarction of the left visual cortex which from — 


















































eks ‘old. —— — indicated by the ‘oli ‘tical’ — it is very 
probable that the visual disturbance came on suddenly as the result of 
the infarction of the visual cortex. 

~ None of the cases showed focal symptoms which were suggestive of 
pontine or mesencephalic lesion. In those cases in which the clinical 
icture gave any evidence at all of a lower brain- stem hemorrhage the 


-= state of coma did not clear up sufficiently to permit an evaluation of — 
- pontine symptoms. This is all the more remarkable in that Bannwarth = 


“reports cases of cerebral tumours, complicated by brain-stem hemo- < 
rrhage, in which the diagnosis of a pontocerebellar angle tumour was = 


made on the basis of the symptomatology. 
From our experience we feel that when there is a sudden onset of 
profound unconsciousness, similar to certain apoplectiform pictures in 
other diseases, in a case of brain tumour it is suggestive of a com- 
_ plicating hemorrhage in the lower brain-stem, even though this clinical 
-picture also occurs in tumours without the complicating pontine. 

hemorrhage. Ponto-mesencephalic hemorrhages always s seem to be a 
-fatal complication. 

As regards the occipital lesions, the history in Case 5 shows that 
in cases of neoplasm in which a visual disturbance of cortical origin — 
does not fit in with the remaining tumour symptomatology one must 
think of an occipital infarction which has no immediate local connection 
with the tumour itself. 

The clinical history fails to give much information regarding the 
pathogenesis of the lesions under discussion. Surgical procedures per se 
can be excluded as a factor in their production. In ten of the fourteen 

eases reported no operative procedure had been carried out. Only in 
8 one case was there a time relation (Case 7); one day before death a 











mn. post- -mortem examination. This may have been purely coincidental 

n this single case as such an association of events did not oecur in the 

her cases. Therefore, we can state in accordance with Bannwarth 

and Rosenhagen that the vascular lesions described are not directly 
ce. produced by cranial operations. = « 

General vascular disease as a predisposing factor can be excluded. 

-~ In Case 6, a single blood-pressure reading of 170 systolic, 120 diastolic — 

was recorded. In another case (Case 10, female, aged 60) microscopical _ 





sraniotomy was performed and fresh pontine hemorrhages were found — 8 





a. ‘exemination of the dissected basilar artery revealed an intimal- pre | 
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=, eration of the type found in early arteriosclerosis. The smaller local 
— vessels showed no «significant change. These two cases alone con- | 
stitute those in which vascular pathology, of no great consequence, 
however, was found. It is safe to say, from what is known of the 
hological. work which has been done on the problem of apoplexy in 
riosclerosis, that a plaque in the basal main stem of the artery, suc 
: appeared in Case 10, was not responsible for the type of hemorrhage 
which occurred. All the remaining cases showed normal extracerebral 
arteries, and the intracerebral vessels exclusive of those situated 
immediately within the hemorrhagic areas also were normal. : | 
_... From the previous reports in the literature by Rosenhagen and 
< Bannwarth it may be gathered that the increased intracranial pressure 
and cerebral edema seem to play an important role in the production — 
of the pontine lesions. Although the authors differ in their explanation - 
of the pathogenesis of the pontine hemorrhages they concur im 
emphasizing the above factor. The majority of our cases, in which 
cerebrospinal fluid pressures (ventricular and lumbar) were recorded, 
-show evidence of increased intracranial pressure. One case (Case 12) 
showed an extremely low lumbar cerebrospinal fluid pressure, but in 
view of the cerebellar pressure cone found in this case no conclusion 
can be drawn concerning the state of the intracranial pressure. | 

Not only do the clinical reports suggest evidence of brain swelling 
and increased intracranial pressure, but the anatomical findings reveal 
_ these as well. ‘Such sigps as herniation of parts of the temporal lobe 
ee ‘through the incisura bent cerebellar pressure cone, and bone erosion 
were observed in eight of ¢ ‘ted cases. a 
S Without considering at- me whether the described vascular a 

lesions are produced by mec] 1 obstruction or by functional abnor- — 
malities of the vessels such a- spasm or vasoparalysis, it may be said 
that the increased intracranial pressure acting as the sole factor cannot. 

be the cause of the lesions. Were this so they would occur oftener than 

= isthe case. There must be something in addition which finally acts on 
the vessels to produce the changes seen. | 
A consideration of certain topographical conditions is necessary _ 
= pefore elaborating further on thig problem. The posterior cerebral- 
arteries shortly after coming off from the basilar artery arch backward 
and upward between the crus cerebri and the uncinate convolution. 
During part of their course they may come in close to the free edge of. 
the tentorium. An intracranial process which produces a herniation of 
== the uncus through the incisura, would be likely to compress the posterior 



































sient 40 cause an —— of the , posterior sonal — in ‘this 
y. As has been shown by many observers, particularly those of the — 
el ich school, Foix and Lévy (1927), Claude and Cuel (1927), and Ley — co 
31), a slowly developing obstruction to the arterial blood-flow may be 
compensated for, to an astonishing degree, by the anastomotic supply. J : 
Ihis may be the reason for the infrequency of ischemic lesions in tbe < > 
a supplied ‘by the posterior cerebral artery. A slowly developing ~ 
mpression of the trunk of the artery would undoubtedly produce an 
“organic change in {be vessel wall apd consequent thrombosis. Both 
from the fact that the occipital lesion is comparatively rare and that no _ 
= organic changes of the vessel wall were found, we may conclude that 
the occipital lobe lesions were not the result of a gradual increase in 
intracranial pressure. We assume than an acute change in intracranial 
= pressure relations, due either to an acute brain swelling or a sudden 
release of pressure in the subtentorial space, produces the train of events 
a which lead to occipital lobe infarction. Even so, there is a question 
_ whether the merely mechanical occlusion of the artery by pressure . 
from without is the actual cause of the infarction or whether repeated — 
external mechanical irritation of the arterial wall produces a vasomotor 
disturbance. We cannot attempt an explanation of this question from 
our purely morphological investigation. 
- There is an essential morphological difference between the occipital 
eee and pontine lesions which have been described here. The occipital lobe 
-> Jesion is a necrosis, confined to the grey matter only and may or may 
not be accompanied by capillary hemorrhages. This is the typical 
<- ischemic or hemorrhagic infarction found in embolic or artertosclerotic 
‘thrombotic lesions of the brain, i.e. it is typical of lesions produced by o : 
ysical obstructions of arteries. These lesions, however, may alsoo e- 
: in arterial hypertension as shown by Neubiirger (1930) and Hiller bat a 
















— lesions in the brain-stem consist of multiple gross haemorrhages. 
» distribution is along the course of the arteries, arterioles or 
: capillaries without any special predilection for the white or grey matter 
anatomical structures, in contradistinction. to the selective involve- 
ment of the cortical grey matter in the infarctions. This type of pontine 
~ Jesion, as is known, is characteristic of the common apoplectic pontine _ 
o hemorrhage seen in arterial hypertension. To draw the analogy sti a 
loser, it was seen that the Eee ‘tend: to be related to th 
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ng ascending central - — of the basilar artery, which also is- 
typical of apoplectic lesions due to other causes (Foix and Hillemand— 
(1925), Schwartz — 930), Stern (1933) ; furthermore, the histological | 
earance of the pontine lesions is identical with that seen in ordinary 
lexy. All the changes- found i in apoplexies of arterial hypertension, . 
h were first. described by Rosenblath (1918) and confirmed since 
n by Lindemann (1924), ‘Westphal and Bar (1926), and Schwar: 
930), were found in our chses (figs. 68, 9D, 11 and B), viz. the delar 
ination of parts of the vessel wall, the marginal accumulation oO 

leukocytes, the partial dissection of ih layers of the vessel wall, and 
the acute “arterio-necrosis,” all changes which occur suddenly and 
fe _ simultaneonsly in different arteries not’ related to each other. © ‘The 
striking similarity of the lesions described here with the pontine 
2 hemorrhages found in hypertension permits of two deductions. First, _ 
_ that Rosenblath’s hypothesis, of toxic (renal) genesis of the arterial 
_and tissue necrosis (the latter being an assumption only) which precedes 
the hypertensive cerebral hemorrhage is untenable. Secondly, it may > 
be assumed from the morphological identity of the lesions that their 
pathogenesis has some common denominator. 

From an analysis of our cases it seems probable that the arterio- 
necrosis is a secondary phenomenon, the result rather than the cause of eee oo 
the hemorrhage, a point which already has been emphasized, in hyper- — 

_. tensive and traumatic cerebral hemorrhages, by Staemmler (1927). 
Oe Where the hemorrhage is not massive the vessel wall elements are. 
8 clearly distinguishable, the layers being partially delaminated, the cell 
interstices extremely widened by a relaxation of all the coats of the _ 
— wall (fig. 6B), bringing about a diapedesis or even rhexis. Only. the 
-vessels within the areas of massive hemorrhage are necrotic, which 
-observation lends support to the view that arterio-necrosis is produced _ 
secondarily by the hamorrhage. 

WMyhat does the similarity of the histopathological appearance of the 
lesions we have described with the hemorrhages in arterial hypertension 
indicate ? - Concerning the latter much remains in the realm of pure 
conjecture as regards pathogenesis. It has been established that in 
hypertension the muscularis of the, arteries is under abnormally high 
tension. If the similarities are — over to our cases it would mean. 
that the arteries of the pons and mid-brain likewise were under a high 
tension, or, at. any rate, that the mechanism which finally leads to. the. 
bo nahaga is essentially the same in both arterial hypertension and — 
: rebral tumours. 








































































———— have shown that a adden 1 rise in the Intra: 

pressure which retards the blood irculation | within the cranial =- 

vy compression of the vessels is regularly followed by an increase — 
he systemic blood-pressure (Wolff and Forbes (1928) ; Wolff and 
lumgart (1929)). The systemic blood-pressure rises until the abnormal 
= yesistance in the intracranial vessels is overcome. This reaction can 

only be obtained by a sudden increase of the intracranial pressure, not | 

by a slow gradual increase. Otherwise We should expect to find - ao 

< constant arterial hypertension in most cases of cerebral tumour. - oe : 

As the histological picture of the arteries in our case is identical — — 
with the acute changes found in association with the hemorrhages in 
arterial hypertension, we abandon Bannwarth’s view of an arterial 
hemorrhage by mere congestion. It is much more likely that the same 

< =- mechanism—rise of the systemic blood-pressure following a sudden rise 
of the intracranial pressure—applies here. Such a transient rise of the 
systemic blood-pressure may easily escape clinical observation. 

If this be so, why are the hemorrhages confined to the pontine 
branches of the basilar artery ? There are several factors which produce 
a locus minoris resistentie in these arteries. We are in accord: with 
Bannwarth’s view that the effect of the intracranial pressure must be 
‘more marked near the outlet of the cranial cavity, i.e. foramen — 
magnum. 

Kolisko emphasized that the basilar artery lying fixed for a long 
distance parallel to a bony surface is more exposed to the increased 
intracranial pressure than the other basal arteries. This view, put 
forward to explain post-traumatic hemorrhages, was adopted by 
Rosenhagen to explain the pontine hemorrhages in brain tumours. 

| It is true that after the compression of an artery which produces 
ischemia, the release of pressure may produce hemorrhages in the. 
— terminal branches of this artery, as is known from the arteries of the i 
extremities. Such hæmorrhages are petechial ; one could so explain | 
the petechial hæmorrhages in the neighbourhood of the iter and the — 
4th ventricle following trauma (Duret’s hemorrhages). The pontine 
— ` hæmorrhages as we have seen them, however, are arterial, and, more- 
~ over, the complete absence of infratentorial tumours in our material and 
in that of Rosenhagen and Bannwarth indicates that the effect of 
compression of the basilar artery is insignificant, . 
It is generally known from the uncinate herniations and the notch- — 
ing of the peduncle that the increase of supratentorial pressure ex 
— its main effect on the rostral end and bifurcation of. the. basilar arter 



























he softening i in Case’ (fig. 5) whin i was ; localized in the peduncle eo 
e side opposite tothe side of the tumour is presumably caused by th 
mediate compregsion of an arteriole. The same mechanism, how 
may cause an arterial congestion of the basilar artery and ı ma 
area predisposed to the final hemorrhage. _ O UES 
Thus, besides. reflex rise of the systemic blood-pressure we hav t 
consider a local predisposing factor, i.e. the congestion of the basilar 
: : artery by the partial obstruction in the area of its outflow. It still 
remains undecided why in one case the posterior cerebral artery and in 
another the basilar artery is more affected. Itis probable that minute 
-individual differences in the topography of this ayea account for the on 
— different behaviour. 









































SUMMARY AND CONCLUSIONS. 


Vascular lesions in the brain-stem and calcarine cortex ocoursitig in : 
as cases of space-taking lesion of the brain and in no immediate juxta- 
position to the tumour itself have been studied in eighteen cases. | 
Fourteen cases are described clinically and pathologically. In five 

there was involvement of one or both occipital lobes, combined or not 

with lesions of the brain-stem. In the remaining cases only brain-stem es 
lesions were found. oo 
With the exception of one case (softening in the peduncular region), = eo 

the brain-stem lesions consist of multiple fresh hemorrhages from 
arteries. Histologically they resemble hemorrhages in arterial hyper- 
tension. The occipital lesions are hemorrhagic or ischemic infarctions. — 

It is suggested that sudden changes in the pressure relationship 
teten the suprà- and infratentovial spaces lead to disturbance of the —__ 
- circulation in the area of the rostral end of the basilar artery. Com- 
pression of the posterior cerebral artery causes occipital infarction. 
<- Arterial congestion in the basilar artery causes a predisposition. to. 
: hemorrhages which are finally brought on by reflex rise of the systemic 

- blood-pressure. 
- Surgical procedures seem to have no pathogenetic significance. | 
The clinical picture of the brain-stem hemorrhages is that of a — 
südden onset of unconsciousness. , They seem to be fatal in every 
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INTRODUCTION. ig 
- Lussana (1869, 1871-72), on the basis of clinical and experimental 
observations, described a pathway, for the transmjssion of gustatory — 
= sensation from the anterior two-thirds of the tongue. According to 
— his description (fig. 1), which is now generally accepted, the impulses 
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ae Fra. 1. ~-Diagram of Lussana’s pathway for the transmission of gustatory — 
To from the anterior two-thirds of the tongue. 








re carried by the chorda tympani, which joins the facial nerve en — i 
the geniculate ganglion; from this point fibres reach the brain-stem — 
ough the sensory portion of the 7th nerve (pars intermedia, or nervus 
armedius of Wrisberg). — 
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ay Lows and one (1930). “Cathing — evidence in favour 
 Lussana’s path, and Lewis and Dandy in a series of classical experi- 
ents. upon humans came- to the same conclusion. Subsequently - 


ae evidence. 







1 done} by Cushing (1903) oa 


ichert and Poth (1933) and Reichert (1934) added confirmatory >: 


‘Although the foregoing observations appear to be conclusive, no — a 


a has been made to reconcile the conflicting opinions se nities a — 
through the literature. Gowers (1880-82, 1893, 1902) and Schiff (1870, 
-~ 1887, 1896) insisted that taste was mediated through the 5th nerve : — 
Oppenheim (1911) end Harris (1926) concluded that the pathway may 

wary in different individuals. Recently, Carmichael and Woollard (1933); 


ina critical study of the 5th and 7th cranial nerves stated: “ Though 

oe the evidence in favour of the 7th nerve carrying taste fibres, evidence 

which is derived from comparative anatomy, experimental inquiry and 

~ clinical observation, seems decisive enough, the loss of taste in so many 

of these 5th nerve cases is very puzzling, and we feel that no satisfactory 

explanation has yet been obtained.” 

| The cases which form the basis of the present communication seem — 

to explain some of the contradictory reports. We believe that the 

sensation of taste from the anterior two-thirds of the tongue reaches the — 

brain by way of the geniculate ganglion and the nervus intermedius. 

Although the classical pathway of Lussana is applicable in the majority 

<- vof instances, our series of observations suggests that there is some 

variability in the course of the gustatory fibres from the periphery to 

the geniculate ganglion. In certain individuals the impulses are trans- 

mitted during part of their course by way of the greater superficial 

-== -= - petrosal nerve to the geniculate ganglion. From this point they are 
— carried centrally in the classical manner. 










MATERIAL AND METHODS. 


es Obssi¥ations on sixteen patients are recorded., Of these, eleven had 
| trigeminal sensory root section by the temporal approach for relief 
f tic douloureux. In five patients radical mastoidectomy was performed. 
The cases: were chosen from a group at Barnes Hospital within a three- 
month period. Except where otherwise. noted, all special examinations 
=` were made by us and demonstrated to the neurosurgical staff. 

The necessity of controlling the means of testing taste has 4 


-emphasized a Lewis and Dandy, 1930). Care must be taken to exclu 
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i iffusion of ia olfactory — and guessing on the part. of 
the patient. Three standard crystalline substances—cane sugar, sodium 
chloride and quinitie sulphate—-were used. The subject's tongue was 
rotruded and the? tip was, held lightly with gauze by the examine 
stals of the test ‘substance were moistened with tap water in 
ied to specific areas of the tongue. The use of moist crystals assu 
maximum concentration, and spread was more easily — Becan: 
| of difficulty i in accurately ¢ontrolling diffusion of acid or “ sour’ 
tions, these categories of taste were omitted. After the test subslanos 
was applied to the protruded tongue, the patient was asked to point to 
the name of the taste experienced, a printed list of various tastes being © 
held before the patient. Time of response was measured; no result 
as considered negative until sixty seconds had elapsed following 
application of the moist crystals. Between applications of substances, —__ 
-the mouth was rinsed with tepid water until the sensation of taste wae — 
no longer present. In all cases repeated examinations were made, and —_- 
the sequence of substances tested was varied so that guessing on the < — 
~ part of the patient was satisfactorily excluded. As others have done, 
we found some variability of response. in different individuals. — 
Considerable patience may be required to obtain honest and intelligent an 
responses, owing in large measure to patients’ lack of familiarity with o 
_ the test. Using the technique described in thirty cases of all types, _ . — 
Including the sixteen presented here, no instances of so-called “ taste oe 
— blindness ” were found. : 




















OBSERVATIONS. 





5 ‘The inatayial has been divided into several groups :— | 
roup I. — Differential section of the sensory root of the tri igeminal 
an nerve uncomplicated, ie. without involvement of petr osal or racial — 
nerves, and without taste loss. ae 
Four such cases are reported here :— 


- Case 1.—I. M. B. (No. 57768), a 59-year-old white man, admitted on 
October 24, 1936, with a history of tie douloureux involving the right second 
division. Pre-operative neurological examination was negative. Special 
examinations of 5th and 7th nerves revealed no abnormality. No subjective 
ste disturbance. Tests of gustatory function produced normal, prompt 
sponses for. sweet, salt and bitter over both sides of tongue, front and back. — 
October IT; 1936, Dr. Ernest Sachs performed a differential section of the | 
ory root on the right side. The dura was easily stripped up from the 
poral fossa, and the sensory root was exposed without difficulty 
petrosal nerves were not seen. 

















0°95 ke PNA to. 9: 0 
No subjective taste io Taste. was 


Sweet? .. ee Prompt e Prompt 





Salt * .. Prompt Prompt 

Bitter... .. Prompt | Prompt 
Posterior 1/3 

Sweet .. .. Prompt , Prompt 

Salt T T Prompt Prompt 

Bitter — .. Prompt I Prompt 


1 In this and subsequent records of taste performance, “prompt” indicates the response 
Bren two to three seconds after application of the test substance. 


: -Case 2.—M. B. T. (No. 58352), a 54-year-old white woman, admitted on 
November 29, 1936, with a history of tic douloureux involving the second 
-division on the left side. The patient had hypertension with arteriosclerotic 
heart disease. Neurological examination revealed no abnormalities except for 
—— slightly less acute corneal reflex on the left than on the right. Otherwise the 






 §th nerve was normal. No facial weakness. No subjective or objective taste — 


disturbance. | — 
On November 30, 1936, Dr. Sachs performed a differential section of the | 
left sensory root. The petrosal nerves were not seen. 

— Post-operative course was uneventful. There was anwsthesia over the 
third division, including the left half of the tongue. There was hyperesthesia 
ver the second division. The first division was essentially spared. Corneal 

-reflex on the left was slightly less active than on the right, as before operation. 
_. No facial weakness. No subjective taste disturbance. Taste was tested on 
= December 8, 1936 :— n 
Teg! | Anterior 2/3 























Right Lett 
Sweet eh ed Prompt _ . ee Prompt 
Salt... .. Prompt = = Prompt 
Bitter a T Prompt = Prompt 

i . — 1/8 

Sweet  ..  .. Prompt -~ Prompt 
Salt * Prompt Prompt 
Bitter .. -- Prompt Prompt 

+ 


i ‘The patient returned for a visit on December 28, 1936, and again on 
| pril 2. 1987. She was completely free of pain. Sensory loss as noted above: 
no taste disturbance. 
| Case. 3- oe NE F. 
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BSERVATIONS on Pana vay SATION OF TASTE 10: £ 
riginally inal to the third division, pain subsequently spread to thë first 
d second divisions, on the right side. There was a definite trigger zone 
də the right lower lip. The only abnormality revealed on examination 
sisted of slight weikness of the right pterygoids. This was conside 
ue to multiple periphera sohol injections which had been made ea 
out relief. ‘No sensory changes over domain of trigeminal nerve. _ 
re intact. N o subjective taste disturbance. Pre-operative tests > gal 
following :- — — 








Anterior 218 
Right Left 
Sweet a oe 20 sec. 10 sec, 
Salt — s 15 see, Prompt 
Bitter is * 10 sec. 10 sec. 


+ ® 


The posterior part of the tongue could not be tested due to the patient’ S 
; 7 to open her mouth sufficiently widely. —— 
-Differential sensory root section on the right on January 19, 1937. The — 
oe procedure was uncomplicated. Dr. Sachs noted that the middle meningeal oe 
artery was absent. Petrosal nerves were not exposed in the field, nor was the a 
a sulcus n. petrosi superficialis majoris of the temporal bone seen. aoo 
-~ The post-operative course was uneventful. No facial weakness. There 
ce “was complete anesthesia over the third division, including the right half of 
the tongue and hyperesthesia over the first and second divisions. Deep. 
pressure pain was increased from 0'5 kilograms (preoperative) to 1°0 to 20 oe 
kg. after operation. No subjective taste disturbance. Taste was tasted on oe 
january 23, 1937, with the following results :— ; 


Anterior 2/3 





7 Right Left 
Sweet es ate T sec, 7 sec. 
Salt s.e ae Prompt Prompt 
Bitter p ar Prompt Prompt 


Case 4.—B. L. Ho(No. 59180), a 35-year-old white woman, admitted on 
7 January 19, 1937, with history of tie douloureux involving the second division 

on the left side. Neurological examination, including special examinations of 
- 6th and 7th nerves, was negative. No subjective taste disturbance. This 
patient was not tested by us before operation, but the routine neurological 
oS examination is recorded as showing “ taste normal and equal on both sides.” = 
>. On January 20, 1937, differential section of left sensory root was performed _ 
by Dr. Sachs. The dura in this case was very friable and was opened without _ 
` complete stripping from the floor of the temporal fossa. The petrosal nerves = 
were not exposed. or damaged. 

Post-operative course was uneventful. No facial weakness. There was 
sibaltienis of the third and hypesthesia of the second divisions. Sensation _ 
1s intact over the first division. The right side of the tongue was anesthetic. : 
subjective taste disturbance. Taste was tested on January 24, 1937, with | 
he following results :-— 





















Posterior 13 





Sweet pi * 5 secs, i Prompt | 
Salt — .. 5 86008. J Prompt 
Bitter is à Prompt - Prompt 


| awed: — The — on the patignts in this group confirm — — 
he fact. that. taste is not transmitted by the second or third division: 
| of. the trigeminal nerve. It has been proved conclusively (Lewis 
. Dandy, 1930) that gustatory impulses are not carried by any portion o fi 
the sensory root. These cases aresincluded in the present study to 
o -demonstrate that there was no interference with the petrosal nerves 

- a nor any apparent injury to the geniculate ganglion. 

-o Group ITI —Differential Section of Sensory Root followed by Disturbance 

& of Taste on the Homolateral Side. 
_ This group embraces several categories. 










oe a —Sensory Root Section with Facial Paralysis and Taste Loss. 
No attempt will be made to give the individual records of at least 
-four available instances in which facial paralysis appeared after operation —_ 
{or trigeminal section, accompanied by loss of taste over the homolateral —_ 
x anterior two-thirds of the tongue. These cases were operated upon a 
ee . before we became aware of the importance of the greater superficial 
-= petrosal nerve. Accordingly there is insufficient data upon which to 
=- form any unorthodox opinion. The only thing that can be said is that 
> the operative procedures in these four cases were complicated by 
technical difficulties. In view of the occurrence of facial paralysis in 
these four cases, it is conceivable that the hemigeusia may have resulted 
from injury to the geniculate ganglion by force transmitted through the —__ 
etrosal nerves. Such a mechanism was peeled. by Dixon ago — 
ad Lewis and Dandy (1930). k — 
Besides the category just alluded to, SE we have found — —— 
ients, with Toar operaie gustatory loss, observations on whom — 



















Nerve, “Facial an — Taste Loss. 


— 1, LC. A. ie — O. ole 5T- — White woman, simi o 
























dere nerve, with,  hypiesthesia of the first division. 


— “No erie 
ge disturbance. Taste was tested on October 22, 1936 :— | 





: Anterior 2/3 
Right Left 

Sweet “6 .. Absent Peompt 
Salt z F Absent Prompt 
Bitter... .. Absent . Prompt 

| Posterior 1/3 
Sweet p = Prompt Prompt 
Balt T .. Prompt Prompt 
Bitter ne = Prompt Prompt 


a The piitient returned on Dassiwbar 21, 1936. Exaetly the same findings 
— — present: there was no evidence of return of facial nerve function. On 7 
March 17, 1937, there was some slight recovery of facial function; sense of 
taste was still absent on the right anterior two-thirds of the tongue. a) 
Case 2.—M. W.M. (No. 57869), a 76-year-old white woman, was admitted o 
on October 29, 1936, with a history of tic douloureux of five years’ duration. . 
~All three divisions on the left side were affected. There was a trigger zone — 
inside the left nostril. General physical examination showed hypertensive — 
heart disease. The only abnormal neurological finding consisted of absent — 
corneal reflex on both sides, although both cornee were sensitive. The facial a 
nerve was intact. No subjective or objective taste disturbances. | — 
On November 3, 1936, Dr. Sachs performed a differential section of the loft 
sensory root. The operation was complicated by extremely friable dura’ ane 
unusual bleeding from dural and periosteal vessels. There was a greni 
of trauma to the superficial petrosal nerves. J 
~ Post-operatively there was anesthesia over the second and third divieions 
xcept for preservation of sensation of very light touch (cotton wisps) and 
iormal deep. pressure pain. -There was slight facial weakness on the left side. 
ste was tested on November 15, 1936 :— 














Anterior 2/8 


‘Right Left 
Sweet .. bis Prompt Absent 
Salt oe ea Prompt | Absent 
Bitter .. ne Prompt Absent 
o Posterior 1/3 
Sweet... T Prompt Prompt 
Salt * T Prompt Prompt 


Bitter... Prompt Prompt 
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re examination. 












ic hate © ovali — 
exactly the same findings as those recorded above. $ 
‘Comment.—In these two cases there .was damage to the superficial 
nerves; and’ indirect injury to the facial. The resultant loss of 
aste on the homolateral anterior two-thirdsof the tongue can, of course, 


















| irdsol — 
— < be explained (as the cases in sub-group A) gn the basis of a geniculate 
— ganglion lesion, and it might be reasonably -postulated that petrosal 





“Tests of — — ee fie tiine showed: G 


~ nerve trauma was not the primary factor involved. However, Weoo 
` possible importance of the petrosal nerves cannot be dismissed entirely, 


O even though the mags of evidence is pyeponderantly against their playing © - 
a direct rôle. 


© C.—Sensory Root Section with Section of Greater Superficial Petrosal 
Nerve, without Peripheral Facial Paralysts, and with Taste Loss. 


‘Phe patient, A. A. MeN. (No. 59153), a 50-year-old white woman, was 
admitted on January 18, 1937, with a history of tie douloureux involving the 
-gecond division on the right side of three years’ duration. Neurological 
examination was negative. There was slight facial asymmetry due to partial- 
 adentia; there was a suggestion of slight central facial weakness on the right. 
Special examinations revealed no abnormality of the 5th nerve. No subjective 
taste disturbance. . Pre-operative taste test revealed somewhat sluggish 
responses on both sides over the anterior two-thirds of the tongue. Sluggish- 
nebs of response was thought to be possibly associated with foul breath ; the 
patient had almost given up the use of a toothbrush because of pain. 


Anterior 2/3 
Right Left 
Sweet wis ts 10 sec. 10 see, 
Salt * * & see, 10 sec. 
Bitter * ea 5 sec. 5 sec. 














— The posterior one-third of the tongue could not be tested because of pain. 


he right sensory root. The dura was easily. stripped back and intentionally 
ected farther posteriorly than usual to expose the sulcus n. petrosi 
rficialis. The petrosal nerves were clearly visible in the depths of the 
eo s. Without further dissection and without traction a segment of the 
ae greater superficial petrosal nerve was ‘excised (microscopic sections subse- 

quently showed this segment to consist of numerous large myelinated fibres). 
a llowing this procedure, dissection of the dura was resumed anteriorly and 
the operation was then carried out in the usual manner. . 





— «the third —— including the right half of. the tongue, and ———— of — 


On January 19, 1937, Dr. Leonard T. Furlow performed differential section — 


Post-operative course was uneventful. There was complete anwsthesia of o 
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he first and. second divisions. No facial weakness. No subjective taste 
isturbanee. Taste was tested on January 24, 1937 :— —— 


— Anterior 2/8 
Right Left 
ends — Absent 10 sec. 
‘Salt. i “4, Absent 10 sec; 
Bitter — — Absent Prompt: 


The patient: ‘reburmed: for ——— on February 21, 1937, and M. 
poA 937. General condition exgellent, patient entirely free of pain. 8 
: Joss as before. No facial weakness or subjective taste disturbance. Gustator 


~~ function :-— 
| Anterior 2/8 
Right Left 
Sweet... -. Absent Prompt 
Salt k — Absent Prompt 
Bitter  .. F Absent Prompt 


: Comment.—This record we regard as especially significant. Tho. 
-greater superficial petrosal nerve was deliberately cut, in a relatively 
easy operative procedure, without any trauma to the geniculate ganglion. 


_ Although prior to operation there was thought to be slight central — — 
facial weakness, there was no pre-operative taste loss. Following è 
operation, central facial weakness was no longer evident; there was nò = 


sign of peripheral facial weakness, but there was hemigeusia over the — 

anterior two-thirds of the tongue. It may be concluded that in this Le : 

-case taste was transmitted, for part of its course, by the greater superfical — — 
i petrosal nerve. | 





Group III—Radical Mastoidectomy with Facial Paralysis and with 
oe Loss of Taste. 


p -The chorda tympani, after entering the tympanum throigh w 
apeten of the canaliculus chordae, courses anteriorly on the upper part : . 
of the tympanic membrane in the notch formed by the crus of the incus 
`- medially, and the anterior process of the malleus laterally; it then passes 
above the tensor tympani muscle to the petro-tympanic fissure. It is 
ae “apparent, therefore, that the chorda tympani cannot nope if the- 
_ tympanic ossicles are removed. — 
In the cases of this and the following group, — mastoid 
operations, with complete removal*of the — were —— by 
“Drs. M. F. Arbuckle and A. C. Stutsman. ore 
-gratitude to them for permission to use this material, hich B 
“not a carefully : selected group, but simply five patients who happen 
be available i in the hospital at about the same time. - 
























‘a 58867), a 9 





On J —— por radioa, Ba — removal of hes 
le was done. -Post-oper atively, neurological examination was negative. 
ial tests revealed no abnormality of the 5th or Tth cranial 1 nerves. ‘Taste — 


S tested on Je anuary 8, 12 and 17, 1987: — 
3 - Anteréor 2/8 













© Right Left 
Sweet F * Absent Prompt 
Salt. ot X Absent l Prompt 
Bitter si a Absent Prompt 
e Posterior 1/3 ` 
Sweet a .. Prompt Prom pt 
Salt.. s ba Prompt Prompt 
Bitter * në Prompt - Prompt 


oe Case 2-0. R. K. (No. 59196), a 24-year- old white man, was ——— on 
ee a 19, 1937, with a history of chronic discharge from the right ear of 
ee four years’ duration. No subjective taste disturbance. 

On January 20, 1937, right radical mastoidectomy, with removal of the 
— —— and a portion of the tympanic membrane, was performed. Post- 
~ _ operatively, neurological examination was negative, including special tests ol 
— the 5th and 7th cranial nerves. Taste was tested on January 25, 1937 :-— 

ae Anterior 2/3 : 


Right Left 
Sweet a * Absent ee 30 sec, 
Salt — — Absent 20 sec. 
Bitter — F Absent Prompt 


Turi Gase 3—W. R. S. (No. 56500), a 49-year-old white man, was admitted to 
"the nose and throat service of Barnes Hospital on November 4, 1936. He 
——— had been admitted previously on August 17, 1936, complaining of chronic 
-discharge from both ears. A simple mastoidectomy had been performed on 
ugust 18, 1936. This » was followed ade sinus 3 thrombosis, requiring secondary y —— 
















i ved ‘signs of aes pen — — 
On December l, 1936, — 


d asta was tested « on —— 22, 1937, and again on a Bebrhary 7. 1937 +- = E — 
Anterior 2/3. 7 
Right Lett. 
Sweet  .. TE — Absent 






































: Comment: —These cases represent pure — of the — ty apa 
1d demonstrate the dependence of the sensation of taste on this. ja 


Gr oup TY. ~-Badicat Mastoidectomy without Facial Paral ysis and 
| -without Loss of Taste. — 


ase pi N. L. I (No. 58919), a 57-year-old white woman, was” ry 
ary _ There s was a i bistory of chronic — fror 


of preparing igen sentonsd Gennan dishes was Túowā * be extraordi 
acute. Olfactory sense, however, was poor due to frequent obstruction of t 
-o nasal passages by mucous. — 
Right radical mastoidectomy on January 6, 1937. “The: — — wai 
| exposed. Auditory ossicles were found in the remaining fragment of the drum 
— and were removed. Post-operatively there was no abnormality of the 5th or : 
-Tth nerves ; no subjective taste disturbance. Taste was tested on J anuary 9, _ 
1937. The responses were phenomenally rapid, answers being given : 
i immediately on touching the tongue with the test material. oS 


Anterior 2/3 


Right Left 
Sweet es * Instantaneous Instantaneous 
Salt.. pi . Instantaneous Instantaneous 
Bitter * * Instantaneous Instantaneous 
Posterior 1/3 
Sweet * ae Instantaneous Instantaneous 
Salt.. * ji Instantaneous Instantaneous 
Bitter — es Not tested Not tested 


o The examination was repeated on January 11, 1937 :— 
— Anterior 2/3 


Right Left 
Sweet = — Instantaneous Instantaneous 
Balt.. Ga a Instantaneous Instantaneous | ; 
Bitter .. — Instantaneous Instantaneous = GASA 


rene Case 2—0. E. T. (No. 58484), a 24-year-old white woman, was. admitted 
: “on December 6, 1936, with a history of discharge from the right ear of three. 
nonths’ duration. Nine years previously the patient had acute otitis. medi: 
vhich was treated by incision of the drum. Following that episode ther 
vere intermittent periods during which she was troubled with discharge from. 
he affected ear. No subjective taste, disturbance. 
On December 7, 1936, right radical mastoidectomy was performed. The 
middle ear and antrum were filled with granulation tissue; the ossicles had 
een partially. absorbed. “The mass was removed, including a small persist 
emnant of- the drum anteriorly. Post-operatively, the 5th and ith É: 
were normal, “There was no subjective taste disturbance. ve 
































Bitter... .. Absent © Proͤmpt 
Posterior 1/3 
Sweet  .. .. Absent 446 see. 
Salt Prompt — Prompt i 
Bitter Prompt Prompt 


Tt should be noted that although salt was s equally and promptly E P. 


—— examined. All substances were recognized promptly and equally, and there 


Was no subjective difference : — 
He Anterior 2/3 


Right Left 
Sweet. 7 Prompt Prompt 
Salt Se ai Prompt Prompt 
Bitter .. .. Prompt Prompt 
Posterior 1/3 
Sweet * * Prompt Prompt 
Salt ne ng Prompt : Prompt 
Bitter  .. d Prompt Prompt 


Comment.—In these two cases, the chorda tympani was cut near its 

point of union with the facial nerve. Schiff (1870) contended that, in 

_ animals, section of the chorda tympani at this point is not invariably 

- followed by taste loss. However, since Blau’s (1879) accurate observa- 
tions on a patient with a fistula of the middle ear, there has been no 
‘suggestion that taste is not carried by the chorda tympani. ‘In the 

| recent literature, Reichert and Poth reported four cases in whom the 
`- -chorda tympani had been cut in the course of radical mastoidectomy ; 










the tongue. 








sd in this report, we believe that the percentage i is probably much 
smaller, and that the appearance ofethese two cases has been merely 
itous. It must be concluded, however, that, in at least these two 
ases, the impulses ¢ of taste are carried, for at least part of their course, 
















h both sides of the anterior two-thirds of the tongue, the patient stated that the es o 
_ sensation was not quite as distinct on the right as on theleft. Sweet wastasted — 
equally distinctly oneboth sides. On January 30, 1987, the patient was re- - 


i 3 each of these showed hemigeusia on the homolateral anterior two- ka — 
e are aware, therefore, that the provervation a taste in bis of — 


ases is a most unusual and unexpected finding. It should be — 
hasized that, although the incidence is two out of five patients 


: pathway which does not involve the proximal sey ment of the chorda a 




















RTA SENSAT ON OF TASTE 






Suuman OF Cases. Dasa: 


Group J. —Differe tial Seetion of the Sensory Root, uncomplicated. 


Four cases are noted, in which sensory root section was done 
Bont inet terenet y with the p on ens nerves or injury t to > the g ganie 


5 Group II. Differ — Section followed by Homolateral Taste 
“ Disturbance. ve 
A. Four instances in which facia¥ paralysis appeared. post-operatively, . 
— accompanied by taste loss over the anterior two-thirds of the. tongue. _ 
Because of operative trauma,the results may be said to have depended __ 
upon possible injury to the geniculate ganglion by force transmitted __ 
— — the petrosal nerves. ; — 
~ B. Two cases, with known injury to the petrosal nerves and indirect : 
— trauma to the facial nerve. In these there was hemigeusia. 
-~ @. One case, with deliberate excision of a portion of the greater = o 
superficial petrosal nerve, without trauma to the facial nerve, and with — 
loss of taste over the homolateral anterior two-thirds of the tongue. : 





Group I1I.—Radical Mastoidectomy without Facial Paralysis and 
with Taste Loss. 


: Three cases in which the chorda tympani was excised during the oo. 
- course of radical mastoidectomy, followed by preservation of facial — — 
innervation, with loss of taste over the homolateral anterior two-thirds oo 
— of the tongue. | 


a Group IV.—Radical Mastoidectomy without Facial Paralysis and wth E 
n Preservation of Taste. 


— There are two cases in this group, in which. taste was preserved i 
| although the chorda tympani was excised during radical mastoidectomy. 










DISCUSSION. 
< From the observations on the sigle patient in Group II C, it must ~ 
He, voncloded that the greater superficial petrosal nerve may at times _ 
: gen sation of taste. The question immediately arises. con: : 
ing the complete pathway involved. Schiff (1870, 1887, 1896) | a 

gested that taste impulses were carried to the geniculate ganglion by 









— of * — division — ete — thot gasseria) 
glion, and‘ finally through the sensory root to the central nucleus. 


: transmission. of taste. 
=O There is adequate anatomical and empryological (Dixon, 1897; 


— — ‘Hunt, 1937; Larsell and Fenton, 1928; Yagita, 1914) evidence that a 
-~ the greater superficial petrosal nerve forms, with the chorda tympani, — S 
-the most important portion of the sensory system of the 7th nerve, 


~ arising from cellseof origin in the geniculate ganglion; the small 


superficial and both deep petrosal nervesare not a part of the geniculate 


ee system. This evidence in itself would serve to invalidate Schiff’s theory. 
7 It is reasonable to assume that sensory impulses which reach the greater 
— superficial petrosal nerve must be conveyed centralwards to the geniculate 
ganglion. 


: The exact mechanism by which gustatory impulses reach the 
greater superficial petrosal nerve remains unsolved. During the course f 
of his experiments Schiff (1870) found that, in some cases, section of | 








the basis. of our own observations and the reports in the literature, 
e do. not believe that the 5th nerve is in any way involved with the = > 


the lingual nerve above its point of union with the chorda tympani. : — 
was followed by partial loss of taste; also, as noted previously, he 


observed that section of the proximal segment of the chorda tympani 


did not always result in taste loss. Accordingly he considered that not 


-all the taste fibres passed through the chorda tympani, but that part 


: passed through the lingual. In offering an alternative pathway, there- 


fore, he postulated that taste may be carried through the lingual to the 
otic ganglion, by way of an inconstant branch. From this point, he 
-stated the impulse might be carried to the geniculate ganglion by the 


oe l gmall superficial petrosal nerve, and finally away from the ganglion by 
es way of the great superficial petrosal. Morphological evidence, previously — 


~ offered, does not: permit ascribing such functions to the petrosal nerves. 
| Although it is improbable, we must admit the possibility that impulses- 








| would serve as a shunt. The cases in Group IV d emonstrate thi 


: s connection is so inconstant (Hyrtl, 1866), OER, as to render - 
8 uch a course doubtful. — 


justifiable to assume some connection from the. chorda tympani wh 


me instances, section of the chorda tympani in the idale e ear 


ay pass from the lingual, by an inconstant branch, to the otic ganglion. | o 


Tf the participation of the lingual nerve ‘be diarniied, it would a be — 























ome v oy hemigeusia. Tt eu ‘therefore, that a communicat 








— with the dian nerve. At the coin 9 where the = pt 
ficial and deep petrosal nerves unite to form the vidian, Quai 





N. Mandibularis V? — 
DN. Ophthamicas v — 








N. Facialis VII N. Trigeminus Ve 


NN. Intermedius (shaded) 


N. Petros. Sup- Major 





Gang Geniculi (9 ae — 
HES. aS Ne Sphenoidalis Internus - es 


X FA- Gang. Oticum 
griwa: R, Anastom. cum 


) Chorda Tympani 


ae <N. Petrosus 
‘Profund. Major 





N. Facialis Vil 


“or 


vil 


— S ah biiig 
oo SCUD — — — A 


Fia. 2.—Suggested pathway for taste transmission from the anterior two-thirds of — p: a 
the tongue in a limited number of cases, PATEA E 










Rauber illustrate a bifurcation of the internal sphenoidal nerve, with: 
n one limb in intimate relation with the greater superficial petrosal nerve. _ 

< Until further evidence is obtained, a pathway for taste sensation, 
yer than the usual course first advocated by Lussana, may be 
stulated as follows. The impulse is transmitted by the chord: y 
mpani to the otic ganglion; from there, by way of the internal 
henoidal nerve; i to the — — — nerve ; Te to 














ig. 9). “Phis i is 3 the je probable course of taste Een in a small percer 
| BRAIN—YOL. LXI | eg oe 














. ‘eitances the classical i 
The oe « of tho —— superficial petrosal nerve in the 
mechanism of taste transmission may serve to e&plain some of the 
parent- discrepancies in the literature. It is not at all improbable — 
at operative interference with, or alcohol injection of, the gasserian — E 
ganglion, involves secondary damage to the petrosal nerve. This may e 
~ account for some of the cases of taste loss in frigeminal lesions reported, 
>o . among others, by Gowers (1880-82, 1893), Harris (1926), Carmichae 
o and Woollard (1933). 
=o >u The importance of sparing the greater —— petrosal nerve sia . 
| 2 onting | in the teyuporal fossa is at once apparent; not only because 
of possible secondary trauma to the geniculate ganglion by traction, but 
also because of the possible effect of petrosal nerve injury alone. In 
the temporal approach for trigeminal root section, care should be taken 
to dissect the dura from the floor of the fossa as gently as possible. 
In addition dissection should be confined to the region anterior to the 
= Yntracranial course of the petrosal nerve, until the dura propria over 
— the ganglion is incised. In this way the petrosal nerve is kept enero 
-outside the operative field, 














CONCLUSIONS, n 
(1) It is concluded that in certain individuals the greater superficial 
petrosal nerve forms part of the pathway for transmission of taste from 
the anterior two-thirds of the tongue. Gustatory impulses may pass 
from the chorda tympani by way of the otic ganglion and internal 
sphenoidal nerve to reach the greater superficial petrosal nerve; from 
this point they are carried by way of the geniculate ganglion and 
nervus intermedius into the pons. 
a This conclusion is based chiefly upon the following observations: _ 
(a) Loss of taste in one patient following excision of the greater | 
superficial petrosal nerve; (b) preser vation of taste in two cases Ca 
lowing section of the chorda tympani. 
D) Additional cases are presented in which taste impulses follow E 
— pe. classical course, by way of the chorda tympani directly to the 
| ~~ geniculate ganglion and nervus intermedius. 
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sE or -PRIMARY GENERALIZED AMYLOID DISEASE 
WITH INVOLVEMENT OF THE NERVES. 


l BY 8. DE NAVASQUEZ AND H. a. “TREBLE, 
The Depar tment of Pathology, Guy's Hospital Medical School. 





-CALLED primary generalized amyloid disease unassociated w 
ntecedent infection’ is now well recognized, and several clinical and — 
_ pathological types have been described. Of the clinical forms, the 

-~ combination of unexplained cardiac failure, peripheral neuritis, and 
diarrhoea forms the salient feature in the majority of reported cases. 
In the present case this association of symptoms first suggested the 
2. __ tentative diagnosis of beri-beri. 
We have been unable to find any reference in the accounts of 
published cases to amyloid disease involving the nerves. Where the 
-~ signs and symptoms of peripheral neuritis have been present they have 
o been attributed to the amyloid infiltration affecting the peripheral — 
-plood-vessels. 
wo reasons have prompted us to publish our findings on this case. 
In the first place, the pathological examination of the nervous system 
— shows that in generalized amyloid disease infiltration may ‘oceur in the 
peripheral nerves, as well as in the heart and elsewhere. Secondly, its 
similarity, both clinically and pathologically, to other cases of primary 
amyloid disease, and in particular to a case of hypertrophic polyneuritis 
described by De Bruyn and Stern (1929)", may serve to draw attention — — 
y this o involvement of thei nervous tissue. e by» amyloid i in 














" which they desoribed a are nadia depSeits of — This i is nel * the 

: infiltration: which is present in the arteries and. perineurium. Unfortunately, it is 

sible to. employ special stains for amyloid, owing. to the age of the material. The 

: stological appearance of the ganglia and nerves in sections stained with hemotoxylin and © 
eosin and Van Gieson’ g method are so strikingly similar to: our ease that it leaves little Toom: 

















































CASE ‘REPORT. 


a Cie À., aged 36, was admitted to Guy’ s Hospital PR of 
iarrhæœa, dizziness on exertion and gross muscular wasting and weakness. 
His father had disd at a great age, and his mother was alive and well 
j eleven siblings, one of whom was killed in the war; the rest wer 
er member of his family had ever suffered from symptoms re 
He had married eleven years previously and had a daughti 
nh ‘at « seven ‘months. Another premature child died aged 2 months. 
-were no miscarriages and His wife was healthy. He denied any vé 
< infection. e 
He was apprenticed as an engineer in boyhood and had been ` in hi 

<o occupation ever since. At no time had he worked with lead or in circum 
slimes where any of his colleagues acquired any industréal disoasss. — 
` Until four years before his admission he had had a healthy athletic lite. 7 
— At this time he had become an engineer’s foreman, and no longer had time for 
his athletics. Up to this time he had never been ill or seen a physician. In _ 

| a the autumn of that year he had developed a series of minor carbuncles on his — 
left forearm and face, none of which had been severe enough to leave more a 
than a small pitted sear. These carbuncles had persisted for some weeks, and — 
had been followed by an occasional septic spot ever since. None of these waso 
present during his admission. ee 
Two years previous to admission he had developed a nocturnal diarrhoea, a 

passing about five loose motions in the night, but none by day. He began 

to feel physically weak and became impotent. About this time he developed 
bilateral hydroceles which slowly increased to a considerable size. Gradually oe 
he became weaker, his muscles wasted, and he became increasingly short of 
breath and dizzy on exertion. On one or two occasions after short brisk — 
o Sertion he had become momentarily unconscious. | 
— A year before admission he was seen at Guy's Hospital Out-patients, and o 
: was found to have a hemoglobin of 58 per cent. He was treated for this anmmia _ . 
with large doses of Blaud’s pill without symptomatic improvement. His 
diarrhœa now occurred by day and night, and urgency of defecation developed. — 
C Phe stools were very loose, but not otherwise abnormal. At this time he 
oe developed difficulty of micturition, passing a very small stream with much i 
=o effort. He was compelled to give up his work on account of his weakness and — 
— shortness of breath. | 
<o His appetite remained good Girousneut the duration of his illness, and he a 
sontinued his habit of eating a generous diet, including plenty of fresh fruit, 
neat and vegetables. His alcohol and tobacco consumption was very 
oderate. : 
During the course of his J he developed numerous telangiectases 
bout his face and neck, which bled on the slightest trauma, and at times he 
bruised with extreme ease. as 
~ On examination at time of admission he was 5 ft. 9 in. in heighty:an 
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8 stone 10 lb. in weight. There was gross wasting of the voluntary muscles, 


_ but his subcutaneous fat was normal. His skin generally, but especially 


i 


where it had been exposed to light, was of an olive greep colour, accentuated 
by contrast with the telangiectases and eechymoses about his face and neck. 
This colour was not jaundice, his sclerotics being of normal hue. There were 
no local thickenings or cutaneous deposits. Neither fingers nor toes were 
clubbed. 

Cardiovascular system: He had a regular pulse of 70 to 90. The blood- 
pressure was 135/100. A soft systolic murmur was heard over the whole 
præcordium, and gallop rhythm was present on all occasions. There was slight 
cedema in the lumbar region and over the tibiæ, but no abnormal filling of the 
veins of the neck was seen. Measured orthodiagraphieally, the transverse 
diameter of his chest was 26 cm. and of his heart 15°3 em. There was 
a uniform enlargemerft of all its chambers. Numerous X-rays taken during 





Fic. 1.—Electrocardiogram showing some inversion of T.2 and T.3. 


his eight weeks’ stay in hospital revealed little change in its size and shape. An 
electrocardiogram taken soon after admission showed some inversion of T.2 
and T.3 (fig.1). This inversion became slightly less on later occasions. 

Respiratory system: No abnormality was detected. 

Alimentary system: His tongue was very smooth and clean, the edges 
showing almost complete atrophy of the filiform papillæ. It was pale, but 
neither swollen nor sore. His abdomen was normal. Nothing abnormal was 
detected on rectal examination. His liver, spleen and kidneys were not 
palpable. 

Genito-urinary system: Bilateral hydroceles of considerable size were 
present. His testes and penis were unusually large, but otherwise normal. 

His urine (sp. gr. 1010 to 1018) was neutral and constantly contained a 
good trace of albumin. Occasionally he passed some bright blood with the 
urine, either mixed with it, or at the end of micturition. No sugar was found 
on any occasion. 


> : - dises appeared normal, 


F a sluggishly on conver; 


ately weak, so that on admission he w: . 
— furning about in bed. His Arm- jerks were present but very feeble, and hig 





aoe four hours, all evacuated. 


o — Fluid; clear, 6 red cells, and 1 lymphocyte per cmm. Protein, ve 
160 mgm. per sank. (Mestrezat’s Method). Pandy test, positive. Lange eurve — 


= cerebrospinal fluid, 






























as cheerful, aad be was 
he average, The optic 


l Central nervous system : 
at. all times co-operative. 





‘did not react to light and : 
osis, He occasionally had — 
ed no abnormality. | 
y wasted and proportion- 
walk, and had difficulty in- 


His pupils were ‘mall. 


some photophobia. His other era 
The muscles of both limbs and 


knee and ankle jerks were absent. 

No abnormalities of the senses of touch, pin-prick, heat, cold, vibration, 
position or movement were demonstrated. a 

Muscular co-ordination was good so far as weakness allowed of its investi. 
gation. His muscles and tendons were not abnormally tender, though he — 
complained of occasional cramp-like pains at night. The peripheral nerves — n 
were not unusually palpable, and the external popliteal and ulnar nerves o 
especially felé of normal size. coe 

Other organs : There was no enlargement of the lymph- alanas nor signs of | 
abnormality of the glands of internal secretion. 

Laboratory findings: Test meal—achylia, some delay in emptying. Bile 
present in all specimens. 

Fæces examination: Slightly alkaline, no excess of fats, no mêst fibres or. ee 
starch granules. Occult blood tests consistently negative, except on one > oe 
occasion following epistaxis. | Siea 

Alimentary X-ray: Stomach and duodenum, normal in all respects. Tn — 
< one hour, head of meal in jejunum; in three hours meal already reached = 
o eeeum and colon: in five hours a trace in the stomach, bulk in the cæum and 
< rectum; appendix canalized and apparently normal, colon normal; in twenty- 


Cerebrospinal fluid : Pressure 90 mm. no block, fell to O after 5 e.e. were a 


9443333200. Wassermann and Kahn reactions, negative both in blood and F 


Blood: Hasmoglobin 82 per cent; red corpuscles 4°1 million; reticulocytes - 
4°5 per cent,; white cells 12,900; polymorphs 70°5 per cent. ; eosinophils | 
3°5 per cent.; basophils 2 seen in 600 cells; lymphocytes 24 per cent.: 
hyalines 2 per cent. Platelets 80,000, rising to 130,000 in four days, when 
they remained approximately constant. Clotting time, seventy seconds ; 
bleeding time, three minutes twenty schonds. 

Serum proteins: 5°35 per cent. (albumin 3°65 per cent.; globulin, 1-69 
per cent.) Blood chlorides, 0°68 per cent. No abnormal capillary fragility 
by the venous compression test. | 

H. M. Sinclair, of Oxford, kindly estimated the apparent concentration of 
vitamin B; in the blood and found it to be within normal limits. E 










ARTICLES AND 







on output, 3°0 E e. par dimn 


i — — "At no time was pus. or blood: — in hs — nor 
hav E any colic. His oedema varied, but it was never gross. He had 
} largement of the liver or congestion of- the veins of his neck till 



















He was put on a light residue-free diet and his appetite remained good. | 
zA tentative diagnosis was made of beri-beri, ‘due to failure to absorb- 
tamin B: owing to a chronic enteritis. He was therefore treated by daily 
intravenous injections of 100 mg. of pure synthetic erystalline vitamin B 
hough he stated that this reduced his weakness, no improvement was demon- : 
strable objectively. His heart remained of the same size, and, apart from mee 
some slight improvement in the electrocardiogram, there was little change oe 
in his condition. . z 
He suffered from a mild influenzal attack in the fourth week of his stay; 
— : fom: which he recovered rapidly. But in the seventh week he developed a- 
sore throat, during a ward epidemic, and hemolytic streptococci were found 
ie a in swabs from his tonsils. His diarrhea became rapidly worse, leading to 
: — Incontinence. More marked signs of cardiac failure appeared. Finally, he 
_ became rapidly more dyspnoeic and cyanosed and died in about an hour from 
the onset of these more severe cardiac manifestations. Apart from these two 
infections he was apyrexial. rh 






















AUTOPSY FINDINGS. i 
P.M. No. 118/37. The autopsy was performed twenty-four hours after 
death, the body having been kept in a refrigerated mortuary. The body 
was of medium build, showing wasting of the muscles and little subcutaneous 
- fat. There was no edema of the legs, but some over the lumbar region. 
There were numerous petechia on the limbs and trunk. 
coco o Cardiovascular system.-The pericardial sac was normal. The heart 
weighed 750 grm. and was considerably enlarged on both sides. The myocardium = 
“was uniformly pale, double the normal thickness, firmer than normal in eon. ni - 
tency and. showed loss of muscular texture. ~The eolumne earner: an 
wy muscles were hypertrophied. The chambers: were dilated and con- = 
ad a little post-mortem clot. Apart from slight. atheroma of the aortic. MES 
of the mitral valve, which extended to the aortic ring, there was nọ 
cardial or valvular abnormality. The coronary arteries were normal, _ 
e aorta showed a little superficial fatty atheroma in. streaks and was smaller 
han: normal. for the. cman’ s size, both ən the diameter of its lumen and the i 
ckness of its wall. The pulmonary artery and yene cavæ were normal. x 
Respiratory system : The pleural cavities each contained 250 ¢.c. of slightly ae 
os ‘blood-stained fluid. There were a few sub- pleural petechia at the left base. 

























e “Kindly suppl lied through ‘Professor P HER of Oxford, by Mowers. Pere and a Messrs. 
| Motinano -La Roche. —— : | 3 












































The lungs were 2 moderately ‘emphyserant us but partially — thou 
air-containing throughout. | The nahe and left lungs weighed 775 and 700. gri 
respectively. — 
Almentary systam: The stomach was greatly distended with gas and bil 
ained fluid, but the. mucous r membrane appeared normal. The first metre 
of jejunum was distended, ‘and beyond that point some 30 em. of jejunu 
re hemorrhagic, with thickened cedematous walls and dark-red ne 
ucous membrane. This portion was infarcted. The intestinal tract 
this point was of normal diameter, though the walls were thickened a 
jn consistency. The mucous membrane showed numerous hema: 
varying in size, from a few mm. to lem. in diameter. These were partic cular 

7 numerous in the pelvie colon. The peritoneal cavity contained 2 litres 
>> blood-stained cloudy fluid, whieh in the pelvis was purulent. The peritoneum 
i -throughout showed a fibrino-purulent exudate of recent origin which was 
haemorrhagic in the region of the infarcted jejunum. The liver weighed 1 650 - 
grm. and was slightly enlarged, pale and firm in consistency. Gall- bladder, 
biliary tracts and pancreas normal. — 
Lymphatic systém: The spleen weighed 250 grm., was twice the normal  — 
size with smooth surface and uniformly pale, but with firm pulp in which the 
< Malpighian follicles were obscured. cee 
Urinary system: The kidneys each weighed 125 grm. and were normalin 
size, pale with finely scarred surfaces and moderately adherent capsules. The ae : — 
cortices showed slight contraction and irregularity at the periphery, but the: 
rest of the parenchyma was normal. The pelvis of the right ureter showed 2 
large submucous hemorrhage. The bladder was normal except for submucous 
-= petechias in the region of the trigone. Bilateral hydroceles each containing — — 
100 c.c. of clear fluid were present. The prostate was normal and the testen 
— we uniformly enlarged. ce 
Endocrine system : the right and left suprarenal glands weighed 15 and 10 — 
gem. respectively. (Normal weights==8 to 10 grm.) The pattern was normia — 
| The thyroid was normal. z 
Nervous system: The meninges, brain, and spinal cord — — — 
but all the posterior root ganglia were enlarged to approximately double the 
normal size. The right ulnar, peroneal and sciatic nerves were similarly 
enlarged throughout their courses and firmer than normal in consistency. : 
Todine test: It was not until the tissues were examined. histologically that 
amyloid disease was discovered and the test was done on the heart, liver, spleen, 
and kidneys, which had been fixed in formalin. The test was slightly positive — 
in the heart, spleen and kidneys, but negative in the liver. In the heart the- 
< characteristic dark brown colour was noticeable in the epicardium and in. the ; 
- sub-endocardial tissue, while in the kidney it was confined to the medulla. 












HISTOLOGICAL EXAMINATION. 


General remarks: Sections were taken of the heart, voluntary musele 
Tangs, intestines, liver, pancreas, spleen, abdominal ymph-glands, kidneys, 











in, Van Gieson’ 8 ed Weida S — Jor —— Slastio —— respec: 
ely, methyl violet, methyl green, and Congo red fog amyloid, Marchi’ S. 
thod for nerve tissue, and osmic acid for fat. 

- With hematoxylin and eosin the amyloid was represented as a homogeneous 
ubstance, bright pink in colour, of glassy appearance and devoid of structure. 

ven freshly stained, methyl violet, methyl green and Congo red confirmed 











— exception of the brain and spinal cord. 









the presence of amyloid, though methyl green was the most successful of the | 
special stains. The amyloid was present in all the tissues examined with me — 





- Heart: The auricles were more severely affected than the ventricles, and — 


Le this was probably dua,to the relatively greater amount of connective tissue in 


the former. Both the auricles showed numerous nodular deposits, fairly 
— : —— uniform in size, in the epicardial and sub-endocardial tissues and in the 
ee : vicinity of the vessels in the myocardium. In addition, all the small arterioles 
And arterios showed more or less complete replacement of the media and 
adventitia by amyloid. The muscle fibres were considerably atrophied and 
-showed loss of striation and pyknosis and kariolysis in the nuclei. There | 
— appeared to be more amyloid than parenchyma and connective tissue combined. 
In the ventricles the amyloid was evenly distributed through the inter-fascicular 
- connective tissue, epicardium, and sub-endocardium and the walls of. the 

< smaller arteries and arterioles. The muscle cells were markedly atrophic. 

Voluntary muscles: Sections were taken from the pectoral and calf regions 
and showed only slight infiltration of the arterioles and perivascular connective 
tissues with amyloid. 

' Nervous system; The brain and -spinal cord were unaffected with the 
exception of the choroid plexus, which showed a perivascular infiltration of 
amyloid, particularly around the arterioles and capillaries. The dura of the 
cord, however, showed an occasional minute deposit of amyloid. The posterior 
root and sympathetic ganglia from the cervical, thoracic and lumbar regions, 
but particularly the last, showed severe amyloid disease. The fatty connective 





Be tissue which surrounds the ganglia showed a delicate reticulum of amyloid — — 











-diffusely in the interstices between the ganglion cells and axis cylinders. The 
ganglion cells were surrounded by masses of amyloid (fig. 2), Their cytoplasm ` 
— was coarsely granular and vacuolated and their outline was indented and 
iregular. Many of the ganglion cells were diminished in size, and appeared 
-> compressed by the amyloid, while the course of the axis cylinders was distorted. 
j ; -The ulnar, sciatic, and peroneal nerves were similarly affected. The connective | 

tissue sheaths of the nerve bundles and particularly the perineurium were 


lying between and accentuating the outlines of the fat cells, while numerous JEE 
mall deposits were present in the walls of the arteries. The most striking — — 
lange was inside the ganglia, which contained numerous nodules scattered 


_ irregularly thickened by numerous oval or rounded nodular deposits (fig. 3), a — 


— -While individual nerve fibrils appeared compressed and deviated by similar i 
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Fic, 2.—Photomicrograph of posterior root ganglion showing atrophy of a ganglion 
cell which is surrounded by amyloid. H. and E. x 410, 





Fic. 3.— Photomicrograph of sciatic nerve showing amyloid infiltration of the 
connective tissue. H. and E. X 340. 










e nd Pe were coat infiltrated’ —* oe 
Alimentary system: The small and large. intestine thowed diffuse amyloid: = 
eposits i in the submucosa, which extended into the intestinal villi and cause 
to become distended and separated from one another, and from th 
nderlying muscle. The arteries and the veins showed severe medial deposits — 
amyloid, which extended into the connective tissue of the mesentery, 
[o occlusion of the mesenteric vessels was foufid to account for the infarction 
f the loop ot. jejunum, but the amyloid infiltration of the arteries and: vei nS. 
s particularly severe in this region. = 
- Hepatic system: The liver was scantily affected: the amyloid was confine : 
to the small hepaticarteries and the connective tissue of the portal areas. Phe 
eh - parenchyma was normal. io 
os Lymphatic system : The spleen showed a diffuse amyloid infiltration of the: 
l : : Be trabeculae and small arteries, but no nodular deposits like those present in “sago” 
spleen” were present. The mesenteric lymph-glands showed amyloid infiltration 
of the capsules and peripheral sinuses only. 
: Respiratory system: The lung showed minute deposits of amyloid in the 
arterioles and in the bronchial muscle only. 
d -Endocrine system: The thyroid, suprarenal glands and testes showed both 
_ diffuse and nodular deposits of amyloid throughout the vessels and connective 
tissue, which. had caused considerable compression and atrophy of the 
parenchyma, particularly in the. testes, where spermatogenesis was absent. 
















COMMENTARY. 


Cardiac failure.—In the absence of hyperplastic or hyaline arteriolar 
= ¢hanges indicative of hypertension, and in the presence of extensive 
“amyloid infiltration of the heart muscle, the great increase in weight of 
the heart is referable to the bulk of amyloid. This is well supported by 
the clinical picture in which symmetrical enlargement of both sides af. 
the heart, the gallop rhythm, the E.C.G. changes, all pointed to a pure ued 
cular failure. The cause of this failure appears to be atrophy f 
nuscle fibres due to surrounding amyloid rather than to ischemia, L ae 
m narrowing of the coronary arterioles. I 
Alimentary system. —-Though, as in most reported cases, diarrhcea is — 
outstanding gastro-intestinal symptom, constipation has been reported 
in a few. The diarrhcea is associafed in this case with intestinal hurry 
and not with any derangement of digestion or absorption of fat. | 
= ` Musë ular System.—In contrast to the cardiac muscle, the weaknes 
| of voluntary muscles is to be attributed to changes i in the nerves. TE 
à pectoral ı and gastrocnemius. muscles were free- from amyloid, thou 












































a weak “ana — Unlike the case described by I Parkes 
























ee oF ‘SIMILAR CASES FROM THE LITERATURE. 


0) The ease described by De Bruyn and Stern, the patholo 
material from which we have been able to inspect, presents very simil 
features to our own. This was diagnosed as a case of hypertrophi 
es polyneuritis of Dejerine and Sotta at the time. i | 

ae A A carpenter, aged 52, complained of progressive weakness with paine 
nà numbness in the arms and legs, diarrhoea and attacks of faintness o 
And unconsciousness. This began three years before his admission to aS 
hospital. His- only previous illness had been pneumonia as a child. — 
3 : He was married, with two healthy children. Two brothers and one 
sister had died with exactly similar symptoms, weakness, diarrhæa and 
_ heart failure being the outstanding features of their terminal illnesses. —__ 
In each case the symptoms lasted about three years before death. — 
In spite of his complaint of numbness in arms and legs, sensory —__ 
changes were demonstrable only in the legs below the knees, where — 
light touch was lost. Marked general muscular wasting was present, —__ 
- especially centrifugally. Coarse fibrillation was occasionally seen ino 
both quadriceps regions. Some peripheral nerves, e.g. the ulnarsand 
external popliteals, were readily palpable. The pupils were small and — oS 

-~ reacted poorly to light, but well on accommodation. The heart sounds — ao 
: were” feeble, blood-pressure 95/60, and a slight secondary aneemia was 
present. . There was hypochlorhydria. The mode of death is- not 
ae described, nor is the morbid anatomy of parts other than the central : 
nervous system. 
ooo Careful clinical extracts a many cases which had macroglossia are - 
given in the paper by Parkes Weber and others. Of these, the following 
had some of the clinical features of our case. — 

< (2) Konigstein’s Case (1925). Male, aged 60, had ditheulty in. 
wallowing, macroglossia, weakness ‘in the arms, a gradual cachexia and 
iodular dermatosis. Extensive amyloid deposits were found in the 
ole alimentary canal at autopsy. T a 
(3) Lubarsch’s Case (1929). Male, aged 54, had an eight yi 
tory of paralysis in various groups of muscles and digestive distu 



























sbell’s ‘Case. agi 
tabd ins, onstipation, and: enlar 
ad trouble it in x walking and hypertonicity of 
f cardiac weakness. re S 
(5). Michelson and Lynch’s Case (1934). ‘Male, aged 54, had märked 
reakness, pain in the lumbar region and joints, macroglossia, an 
fence Jones proteinurea, swollen tender fingers, bruising with very 
light trauma, skin deposits, and stubborn « aonstipation. ae 
‘Two other cases are described by Perla: and Gross (1935), but n 
ummarized by Parkes Weber. 






ient of the tongue. He 





skeletal muscles. He died F 








(6) Female, aged 16. Had weakness, — and palpitations ae 


> Her joints were semetimes red, but she had no fever. Blood- pressure 
ae ; 124/60. The liver was felt 4 cm. below the costal margin. Some 
general glandular enlargement was present. Red cells, 25 million: 
~ —— hæmoglobin, 47 per cent.; white count, normal; blood-urea, 69°2 mg. 
— < per cent., and poor urea — Ureemia and chronic nephritis 
: : ue “diagnosed, She had attacks of epistaxis and purpura in the arms, with 
-occasional convulsions. Her blood- -pressure rose to 180/94, gallop 
_ rhythm, and a pericardial rub developed terminally. 


(7) Female, aged 63. Had asthenia, constipation and anorexia for | 


_ two years, and then developed repeated attacks of diarrhaa with watery — 
and bloody motions. She developed pleural effusions which were 


repeatedly tapped. Progressive azotemia occurred, with vomiting and 
anasarca, Finally, auricular fibrillation followed an impure flutter, and 
she died suddenly. 

(8) Larsen (1930) gives a brief clinical history of a case, male, 
aged 65, negro, in whom cardiac failure and cedema were the main 
features. He had auricular fibrillation, and the comment is made that 


his reflexes were sluggish or absent. 






PATHOLOGICAL Discussion. 


Primary amyloid disease has been classified by Lubarsch on an 
natomical basis into three main groups :— | 


mesodermal: origin, such as the cardiovascular, gastro-intestinal and 


voluntary. muscle, which show a tendency to develop nodular: deposits, zr 


- = while the organs usually affected in the secondary form remain — 
comparatively. 


y free. a 
(2) A second ' . ‘tumour-forming ” eye consists + of; small, solitary fe) 








(1) The first is said to be characterized by involvement of tissues of 














diale | és 
‘he present. case “approximates to the first type of Lubarsch, — 
ustrates the considerable overlapping which may occur be etw 
ypes. The small arteries throughout the body with the excep’ 
: those i in the brain and spjnal cord were affected in varying degr 
least i in the lungs and liver, and most in the heart, gastro-intestinal and 
- endocrine systems. The degree of local destruction of the parenchyma : 
varied correspondingly. moe 
It is generally accepted that amyloid disease begins in the- small 
arteries and arterioles and spreads in continuity to the connective tissue, : aS ; 
-where its deposition may cause atrophy of the adjacent parenchyma, — 
_ whether by pressure or vascular disturbance it has not been possible to __ 
determine. It appears to remain extra-cellular. 
The origin of amyloid in both the primary and secondary forms of 
amyloid disease is still unknown. Chemical analysis of dried materials 
has been done by Eppinger (1922), who found that amyloid contained 
no sulphur, phosphorus or carbohydrate, but that purines and diamino 
acids constituted the greater part. However, the variable staining o 
properties of amyloid point to a variability in its chemical composition, _ 
~- and what is recognized as amyloid histologically probably comprises a 
- group of closely-allied substances. The amyloid in the present case 
-~ exhibited the usual histological features and stained characteristically 
a with the usual stains. a 
Alteration in the blood proteins, such as diminution in total. seram o 
i protein, and reversal of the albumin-globulin ratio, have been described = — 
-by Humphreys (1934), and has led Perla and Gross to suggest some | 
"derangement of protein metabolism as a possible cause. Since the 
-alterations in the serum proteins may well have been due to the 
i accompanying renal disease in the cases described, and is far from being ` 
an invariable feature of generalized amyloid, the suggestion has little 
— to support it. 

















SUMMARY. 


(1) A case of primary generalized amyloid disease with T 
a the nerves is described. 

(2) The muscular weakness which was a conspicuous feature of this 
ase | is attributed to amyloid infiltrations of the nerves. 
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T Yo By R. Linpsay Rea. London: | Willi 
Teinemann (Medical Books), Ltd. 1938. Pp. 568. Price. 





the: ‘author has written an* exhaustive account of the ophthalmic: 
— and associations of diseases of the nervous system, including und y 
~ latter heading the psychoneuroses. The task is necessarily an ambitious 
-for the ophthalmie surgeon, for it covers a wide range of pathological e 
<- clinical knowledge, with much of which he can have little but a litora: 
iminten, E 
The chief difficulty, perhaps, which besets an author in is circumstances 
i is that of assessing the value and significance of all that part of his subject 
= with which he has not a first-hand clinical experience. The critical faculty 
_ cannot adequately do its work where this experience fails. Here and therein 
the present book is evidence of this difficulty, shown as statements and 
judgments that the experienced neurologist would not: have made. Thus o > 
_ disseminated sclerosis is baldly classed with tabes dorsalis as “infections of the 
-nervous system,” a statement which is later qualified. The optic atrophy of : — 
tabes is said “often” to precede other signs of this malady. Nystagmus is 
said to be “commonly” present in subacute combined degeneration of the 
cord, and the discovery of the association of this malady with pernicious — 
anemia is attributed to a modern source very many years later than it was: Q Se 
actually made. Finally, it is premature to say that “ progress has reached 
the stage when the location of tumours of the brain may be discovered by the 
__ electro-encephalogram.” — 
— voery many nervous diseases which have no significant ophthalmological ee 
Signs are given scrappy paragraphs, too brief to be of value and lacking” the _ 
balance and accuracy that are necessary to gain the reader’s confidence, : 
= - The chapter dealing with the psychoneuroses attempts within a pag O 
two to discuss the various hypotheses which compete for acceptance as to the - 
_. genesis of these disorders, a topic not within the i of the book's title, 
` and not adding to its value. 

_ These few examples will serve to indicate that the author has perhaps — 
ast his net too wide, and would better have served his readers had he been 
: ‘more modest in his aims. k 
Nevertheless, on the more strictly ophthalmological side of the book, he- 
ites clearly and with authority and has provided the —— with 
; useful compilation of the neurology of the eye. E 
“The book is excellently produced, has an ——— — and i is. 

l illustri ated. E 




























JUS — in Infane ood and Adole 
By F.-R. Forp.. London: ‘Baillitte, Tindall: and Cox. 1937. Pp. 
983. Price 88s. E F 
. No more: comprehensive or valuable addition: w the ranks of neurological 
textbooks than Dr. Ford’s has appeared in the English language for some — 
siderable time. It forms a work of reference without which no neuro- => 
logist’s library will be complete. It includes succinct and extremely elear o 
sections upon every recorded affection of the neuromuseular system within > 
the age period with which it deals. These acounts are admirably balanced, 
and each section is followed by an adequate and representative bibliograph 
It opens with the usual chapters upon clinical methods of examination an 3 
uon the essentials of nervous anatomy and physiology. The classification is 
unusual but practical, and consists of chapters on prenatal diseases, heredo- 
familial and congenital diseases, infections and parasitic diseases, toxie and 
metabolic disorders, vascular and circulatory disorders, neoplasms, injuries, 
; ? $ > diseases of the autonomie system, muscular diseases, and a final chapter 
-< devoted to symptom-complexes. 
The illustrations and diagrams are original, well chosen and well produced. 
on The book really deals with more than diseases peculiar to the pre-adult 
period of life and it is in fact a textbook of neurology. A series of typical case 
reports illustrate the various conditions described. It is to be hoped that in 
future editions the index may be improved. It is incomplete and contains 
~ pumerous misspellings. 

















Die Kuppelungen von Pupillenstirungen mit Aufhebung der Sehnenreflexe. 
By Von F. Kenrer. Leipzig: Georg Thieme. 1937. §.60. 
Price 6M. 
The author reviews in some detail all the published works on the subject 
of the tonie pupil, gives minute descriptions and classifications of the clinical 
variants, and of the pupillary anomalies that may have to be differentiated 
- from the syndrome heis dealing with. 
The monograph is mainly descriptive and no fréak generalizations emerge, — 5 
but it is a useful résumé of the present state of knowledge upon its subject. —— 
everal important papers that are freely referred to in the text find no place 
n: 1 the bibliography, and no reference is given to the journals in which they. a 












vil ndicapped by Cerebral Palsy: Psychological factors in 

~ management. By Exrzasetre E. Lorp, with a medical explana- 
tion by B. Croruers. New York: The Commonwealth Fund. 
London : Oxford University Press. 1937. Pp. 102. Price ds. 6d. 


. This valuable little book deals with the care, management and training ol 
— — of chronic sufferers for whom in the pani little ‘beyond: crude orthe 
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p Seedures have been attempted. It sbot d be studied by all who may have: k 
i » advise upon the training of the diplegic child, by all who may have to 
undertake or supervise this training, and there are some mothers into whose — 
hands it might be pug with advantage. 

je assessment of mental and physical condition and potentialities is — 
T bed, and its bearing upon the plan of treatment to be adopted. This _ 
an embraces. the various aspects of the child’s training and education, and 
1e stress is laid upon the necessity of trying to make the situation to. be dea. 
with clear to the child's parente, and of securing, when possible, their intel 
= co-operation. J 





Neurology. By R. GRINKER. Second Edition. London: Bailliore, : 
Tindall and Cox. 1937. Pp. 1,000. Price 38s. oe 
— In the preface to this edition the author refers to the dieus of avoiding : 
the progressive enlargement of a textbook, and to the changes involved in — 
-deleting matter that has not stood the fest of time since the appearance of the — 
— first edition. 
To-day, perhaps, the chief arf in the writing of a textbook is not in the 
inclusion of all that has been said on its subject, but in the exclusion of what 
has not in some measure already stood the test of time. A textbook is scarcely 
the place in which the merely hypothetical or the uncorroborated should appear. 
For these the original paper and the critical review are the appropriate media. 2 
Difficulties must also beset the endeavour to do justice to recent advances = 
and changes of opinion in anatomy and physiology as well as to clinical fe ce 
neurology and neuropathology within the bounds of a single volume, and the 
attempt to do so often leads to an overloading with the former at the expense : 
of the latter. Thus the proportions desirable in a work for clinicians are lost. —— 
In the present edition just over a quarter of the matter is devoted to ae 
anatomy and physiology, including recent additions to knowledge that have : 
yet to find a clinical application, or indeed any application to the human 
= subject. Approximately twice as much space is given to the anatomy and 
-physiology of the cerebellum as to its diseases and their symptoms and — 
pathology, while the cyto-architectonies of the cerebral cortex occupy as many 
pages as are devoted to multiple peripheral neuritis. Indeed, the purely 
clinical sections of the book are not on the same scale of comprehensiveness. 
-o as those given to the ancillary sciences. : 
In the matter of clinical description, such a progressive malady of the ~~ 
-. nervous system as disseminated sclerosis, for example, may be regarded as a 
~ sequence of events, this sequence being the natural history of the malady. To +` 
obtain the story of his illness from the patient, and to assess the significance 
of his symptoms and physical signs demand of the investigator a knowledge — 
<io of this natural history, and it is one of the first functions of a textbook to 
provide this. Mere disjointed paragraphs describing—in no matter what 
— detail—the separate components of the clinical ae do not give this vivid 
` sense of an active process. . 





ron — mk E 
and freshness of bis 





















SOME OBSERVATIONS ON HEADACHE. | 


BY D. W. C. NORTHFIELD. 
(From the Department of Neuro-Surgery of the London Hospital) 


: “-‘Heapacue is an exceedingly common complaint from which most woe 
on have suffered. In spite of, or perhaps by reason of, its occurrence —__ 
— as a symptom of disease in various parts of the body, the mechanism of | 
its production remains obscure. Such a problem is most likely to be 
i solved by the detailed study of a small group of cases. In this discourse, - 

the study of headache will be limited’ almost entirely to cases of intra- 
cranial tumour, which form a subject conspicuously favourable for clinical 
research. The lesion is unequivocal and is frequently amenable to opera- 
< tive removal. The investigation of the patient and subsequent operation 
under local anzesthesia provide many opportunities for the experimental 
oe Prucion of headache. : 
z CLINICAL FEATURES. ae 
ae - Although many persons have diffculty in expressing adequately we ae 
| teeters and pains they experience, the headache due to a space occupy- o 
ing intracranial lesion is truly one of pain or intense discomfort. ae 
frequently described as a dull or throbbing ache, a bursting, burning, o or 
sharp stabbing pain, the patient often giving some eae comparan, 
such as “it is like a vice closing on my temples ” rethi 
Le geese: and — in. my head.” = The a is s usually referred ‘vaguely — 









This paper formed the basis of a Hunterian Lecture delivered at the Royal | 
ollege of Surgeons on February 10, 1937. The work has been performed during 
enure of the Will Edmonds Clinical Research Fellowship. | 


















There; are interesting details concerning ‘the ‘time fe onset — headache, “= 
d factors which cause its aggravation. Ít has a predilection : for occurring 
the mor ning, usually immediately the patient wakes, but it often waken: | 
n at an unusually early hour. Rising from bed makes it much worse, — 
the change i in posture may bring on the Readache if it is not already 
; esent. The majority of patients choose to lie in bed with the head only- 
slightly raised and only a few prefer to sit bolt upright. In all cases it i 
> the sudden change of posture which seems to be resented. Movement of 
the head on the netk is Hable to increase or precipitate a headache, and 
this is especially noticeable when the pain is in the back of the head. 
~ [sucha case examination will usually demonstrate tenderness and spasm 
of the suboccipital muscles. 
| _ One variety of headache may occur which I believe to be patho- 
ee gnomonic of intracranial tumour. This pain is generalized, paroxysmal, 
and apparently agonizing, causing the patient to writhe and to scream, and 
— to hold his head in his hands. He becomes unco-operative and is deaf to 
the observer's questions. Indeed, this type of headache not infrequently 
ends in semiconsciousness, and there may be amnesia of the attack, I” 

— choose the term paroxysm deliberately, for the spasm of pain comes on 
quite suddenly in a patient previously free from headache, and in the 

© course of a second or so attains its maximum intensity. It may last from 

— thirty seconds up to half an hour and then may disappear as quickly as it 
came, leaving the patient exhausted. 

Such a headache, especially when associated with semiconsciousness, is 
usually confined to the terminal stages of the disease, when it may recur 
several times in the day. Indeed, its presence should be viewed. with. 
larm; forit indicates a state in which the patient may die, either sudden 
¿after passing into coma. The urgency of this dangerous state canno x 
ver emphasized, and this point is well illustrated i in the following case, — 
which the paroxysm of headache ended 1 in an epileptiform attack. 






































4 man, ‘aged 34, had had slight headaches for three years, which had become 
much more severe in the last six months, gnd were situated all over the head. After 
dmission to hospital. the attacks of headache increased in frequency, and ultimately 
ix occurred in five hours, three within a period of ten minutes. Observed on one 
‘asion, ‘the headache appeared to be paroxysmal, exacerbations every min te 
cau using him to rub his head and to cry out “ My head! my head!” Se ui 
movements of the limbs were: pees with a tendency to > adversive rotati y 
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In consequence of ie very a recurrence * these headadhies' operation 
T maey pas — ed. J— “a n Phe: —— — was over 600 — me 

































atient made a sabay recovery. 
l e 


: ~ Paroxysmal headache occurs in a wide variety of cases inclu 
tumours as glioma of the basal ganglia, acoustic neurinoma, chor 
_ the base of the skull, suprasellar cyst, hemangioma of the cerebellur 
— colloid cyst of the 3rd ventricle. Only in these rare benign tumours o 
3rd ventricle is paroxysmal headache observed sufficiently frequent 
constitute an item of evidence for correct localisation. ee 
: ce What is the chronological incidence of headache in intracranial 
: — teiour? Of 100 unselected case records of verified tumours in the London : 
Hospital, in 36 headache was the initial symptom, or it developed at the — 
_ Same time as other complaints (Chart 1). This figure corresponds closely __ 








CHART 1. 


THE INCIDENCE OF HEADACHE AS THE INITIAL SYMPTOM wo 
CASES OF VERIFIED INTRACRANIAL TUMOUR 


in 36 out of 100 unselected cases F .. = 36 per cent: 

in 0 out of 9 cases of acoustic neurinoma ... = 0 per cent: 

in 10 out of 12 other cases of posterior fossa tumour = 83 per cent. 
imn 13 out of 37 cases of cerebral glioma .. = 35 per. cent: 
an 5 out of 14 cases of cerebral meningioma . = 36 per gënt i 
In 8 out of 28 cases of frontal lobe tumour ... o = 29 per cènt 


in 7 out of 17 cases of temporal lobe tumour .. = 41 per — 










-with that of Dowman and Smith (1928). Further analysis i is illuminat 
AIn the 100 cases, there were 9 acoustic tumours and in none of these wa 
headache the first symptom. But in 12 other cases of posterior fossa 
‘tumour, mainly cerebellar gliomas and hemangiomas, headache was the 
first symptom in 10. There were 37 gliomas of the cerebral hemisphere, 
and i in 13 headache was the first symptom, and it is noteworthy that t 
-proportion was approximately the same fór meningiomas, 5 out of 1 
Considerable discrepancy was found between the incidence of headache 
as the first symptom in temporal lobe and in frontal lobe tumours 
2 Whereas i in temporal tumours headache was the first symptom in 7 out o 
cases, in frontal tumours it was the first symptom in only 8 out of- 
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—— is — — — to the forehead, whether or not tit: oes 
| nvolves other areas as well (Chart 2). It is worth noting that out of a total — 





CHART 2. 
THE DISTRIBUTION OF THE PAIN 
FrontaL HEADACHE 
with or without involvement of other areas was present in 


95 per cent. of cases of supratentorial tumour. 
75 per cent. of cases of infratentorial tumour. 





PAIN IN THE NECK 
with or without involvement of other areas was present in 
22 per cent. of cases of supratentorial tumour. 
49 per cent. of cases of infratentorial tumour. 


UNILATERAL HEADACHE 
Of 42 cases 


in 6 the tumour was in the middle line. 
in 32 the tumour was situated on the same side as the headache. 


N.B.—In only 4 cases was the headache on the side opposite to the tumour. 


of 121° cases excluding pituitary adenomas, frontal headache was absent 

— in only 5 per cent. of cases of supratentorial tumour, as compared with 

— 25 per cent. where the tumour was infratentorial. Pain in the neck was 
resent in 22 per cent. of supratentorial tumours and in 49 per cent. of — 
nfratentorial tumours. This pain in the neck associated with muscular oe 
m is usually observed in its severest form when the tumour occurs 
n the posterior fossa, forming a tongue wl rich. plugs. the foramen — n 

m. A similar mechanism doubtless operates: when the tumour is 
ed e re, for the cerebellar tonsils may be herniated through * 
men magn m, at times to a level as low as the 2nd cervical 
bra. TH e e painful 1 muscular spasm is probably caused by the pressure 
he tumour or the tonsils on the posterior roots of the upper cervical 


























‘In A — the headache was entirely or predominantly unilatera 
















































d did not shift from side to side. In six of these the tumour was situa i 
pproximately in the*middle line, but it is noteworthy that in only fou 
cases was the tumqur found to be on the side opposite that affected | 
adache. 7T hese, were two cases of frontal and one of patie 
eningioma, and: one case of abscess of the frontal lobe. BS 
eadache due: to an adenoma of the pituitary gland | is of a speci: l 
ti 18 frequently more severe in acromegaly, though it never bece 
yaroxysm of agony. The „pain may be merely a dull ache, or 
-throbbing over the forehead and through the temple. Rarel 

spread to the occiput. In contrast to the headache resulting from 

tumours, it is frequently associated with, or replaced by, pains: de: 
as neuralgia, related to one or both eyes, in the eyebrow, or In s 
portion of the face. This pain does not progressively involve larger area 
i — of skin supplied by the trigeminal nerve, as with a tumour of the middle 
cranial fossa or of the Gasserian ganglion, or with large aneurysms of the 
: internal carotid artery. oO 





The Intracranial Pressure During Headache. 

It is commonly accepted that the headache produced by an intracranial 

tumour is due to the increase in the intracranial tension. When. the ee 
patient is resting horizontally in the lateral position, the pressure of the oe : — 
cerebrospinal fluid in the lumbar theca is identical with the pressure in 

the ventricles. Of a series of 102 verified cases of tumour, in 63 the pres- 
sures exceeded the normal of 100 to 200 mm. of fluid. The highest was 
an intraventricular pressure exceeding 700 mm., during gas, oxygen and © 
ether anaesthesia. Ether, even in small proportions elevates the pressure 
ce slightly, but this was amply offset by the loss of fluid while the manometer _ 
was being connected to the needle. The cases which appear to me vitally. E 
important to the subject under discussion, are those in which the pressure — 
was not raised. In 39 the pressure was less than 200 mm., and in 16 it was 

Í actually below 100 mm. Many of these cases with normal or subnormal 
pressures had been experiencing very severe headache during the period 
immediately prior to the investigation. In many patients however, head- 
ache may be absent although the intracranial pressure is very high. ft: : 
will be instructive to consider some of these cases in detail (Chart 3). In 
each, the operation was performed ynder a local anesthetic. . 

= Many more similar observations could be mentioned, but these are 
‘sufficient to demonstrate that the absolute value of the intracranial. 
‘pressure bears no relation to the presence or absence of headache. Although 5 
‘headache is clearly related to those diseases which induce an increase 
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an increase or a> 













e es CHART 3. en, Teor 
RELATI ION BE’ TWEEN HEADACHE AND INTRACRANIAL PRESSURE - 
i ; Of 102 cases of verified intracranial tumour 


in 63 cases: the pressure exceeded 200. mm. 
“ine 39 cases the pressure was less than *200. mim. 
ine 16 cases the pressure was less than 100 mm.. 


| Case. Headache * Pressure 

| severe ey low 
24 — severe... low 
3 absent . high 
4 absent č na high 
5 » absent * high 

severe ees low 
6 * absent oe high 

severe M high 


gos 7 1) A patient with a “tuberculoma of the cerebellum suffered from severe baut of 
a h headache and pain in the neck. At operation the ventricular pressure was s0 low 2 
— that the fluid did not rise to the mouth of the needle. Perens 
(2) Ina patient with a cystic glioma of the frontal lobe, four paroxysms oe — 
Ae headache occurred a few hours before the ventricles were tapped ; the ventricular: 
8 presure was only 40 mm. 
(3) A patient with severe chronic hydrocephalus had been perfectly free from 
| headache during the week immediately preceding ventriculography at which the 
e pressure was. 600 mm. 
60) Ina patient with a frontal meningioma, and who was experiencing no head- 
-ache at the time, the ventricular pressure was 400. mm. 
(5) In a patient with a cerebellar glioma, the. ventricular pressure at the begin- 
ning of the operation was 430 mm., when he- had no headache. Later in the 
—— he — * severe headache, but the — Was. Zero. 









| spreading forward aro * temples sad a sertling i in oe ain of the ref 













oi lizing Ee signs * were — In the a of the skull den be 
tected a small areas Of a ai — in the right fe ae lobe 


int ne left atid. the system was slightly displaced to the left, 

‘diagnosis of calcified glioma of the right temporal lobe was made, lumi 
as prescribed, -and the patient was kept under observation. 
In June, 1934, the patient developed neuralgic pains in the right: — 
a The headaches gradually became confined to the right forehead and t mpl 
but he averred that they were®not nearly so frequent, nor did they last so lo 
He was found to have papilleedema of [-5p. Fresh radiograms of the skull showec 
a striking contrast with the earlier ones: there were now marked indicatio 
© increased intracranial pressure—thinning of the temporal squame on the right side, 
erosion of the sella turcica and increase in the diploë ; the area of patholog 
_ ealcification in the right temporal lobe had grown considerably in size. Operatic 
was performed, and a large oligodendroglioma removed from the right temporal 
lobe. EMER 










































og Te is T that the headaches from which this patient suffered — 
: — could have been due to pressure on the dura mater. They antedated | 
other symptoms by a period of- several years, and were proved by an Ae a 
encephalogram to be unassociated at that time with any hydrocephalus. __ 
During the nineteen months before operation, the pressure on the dura oy 
mata was slowly increasing, as evidenced by the incontrovertible radio; 
graphic signs and by the terminal development of papilloedema; yet this 
headache gradually improved! The neuralgic pains in the right side of 
the face, although unassociated with any demonstrable loss of cutaneous 
sensibility, may have been due to pressure upon the Gasserian ganglion, or. — 
possibly they were referred from the dura mater of the middle cranial _ 
fossa. — 
A patient, aged 27 years, had suffered for two years from occipital headaches | 
E -which radiated into the neck. A suboccipital decompression was performed, but the 
aura mater was not opened. This operation gave relief from headache for six 
< ` months. Symptoms then recurred, and at a second operation a cerebellar ependy- oe 
~ moma was removed. Although left intact at the first operation, the dura mater 


oo had gradually become stretched during the interval between the operations, so that 
— considerable cerebellar hernia developed. 















In this case, when the dura mater was left unsupported by bone, the- 
-intracranial pressure was sufficiently, high to stretch it, yet headache 1 was 
reliev ed for a considerable time. If the dura mater were the sensitive 
structure responsible for headache, one would have expected that with its- 
progressive stretching, headache would have been a conspicuous feature. 
<o Unilateral headache cannot be adequately explained on a basis. f dur 















: nall indeed, | for i the 





rain in being so soft, is is s immediately displaced 
o one of low. pressure ; proof of such displacem: t is found at post-mortem. = 
he. following case. illustrates clearly the difficulty of accepune the. dura | 
ater as the sensitive structure. a 






A A patient had an operation for a glioma of the right frontal lobe, which ak | 
~~ sequently recurred. The headache of which she complained was paroxysmal in. 
iype and affected only the right side of the fordhead. A large cystic cavity was _ 





an area of high pressure 





located in the right frontal lobe, from which yellow fluid under a low pressure could 

_ be aspirated in quantities up to three ounces; this procedure usually gave relief 

from headaches after a few days had elapsed. A second operation was eventually = o5 
performed, when the cavity was explored and a considerable amount of tumour ~ 


which was lining tht anterior part of the cavity was removed. Posteriorly the 

cyst came into contact with the right ventricle, a septum of paper thinness separat- 
7 ing their contents ; this septum measured about 3 by 2 cm. The aim of the operation 
in this case was to drain the contents of the cyst into the ventricle in order to obviate 
repeated aspiration, and to achieve this the septum was freely opened. 


| The unilateral headache in this case could not have been caused by local 
a pressure on the dura mater. Not only was the pressure within the cyst 
_ never observed to be greater than 70 mm. during a headache, but any 
increase of the pressure of its contents would be communicated immediately 
. and completely to the ventricle. In this manner, the ventricular system” 
` would be maintained at the same hydrostatic pressure as the cyst. It is 
notable that the operation did not give the patient immediate relief from 
_the pain, confirming the view adopted. Headache slowly subsided during 
the course of the succeeding few weeks. 


Headache from causes other than brain tumour. 
Consideration of certain conditions other than. intracranial tumour 
suggests the possibility that headache may be vascular in origin. Patients ` 





suffering from an intracranial aneurysm often complain of recurrent head- © 












) anges from one side to the other, is more likely to be due to an aneurysm 
than to be migrainous. The sudden severe pain which heralds a sub- 
wachnoi mort aage may be felt in or over one eye—and at the. post- 
mortem examination the aneurysms found in the same side of the head. 
This suggests that the gradual stretching of the wall of the artery and the 
nal rupture of the aneurysm may set up a train of afferent stimuli 
which is interpreted as headache. The aneurysms which develop from 
the circle of W illis are not of sufficient s size to cause an increase in 











ache, which commonly affects one side of the forehead more than. theo 
other. In fact, it is taught that periodic unilateral headache, which never — 

















dache was al of Yasenlär — and that the — with the or 
y consequent upon carotid ligation provoked afferent stimuli simi 
© hose provoked by the aneurysm. E 











A woman, aged 41 years, suffered from right frontal headaches, and develo é 
oe right oculo-motor palsy. The diagnosis of aneurysm of the right posterior ' 
| o municating artery was confirmed by arteriography, and the right internal caroti 
artery was ligated in the neck. Half an hour after the operation, the pa 
_ developed a dull ache in the right side of the forehead, lasting for about twelve hours, 
s: She stated that this headache was similar to that which she had previously experi- 
: enced ; it was easier sitting up, but was aggravated by lying flat ; histamine had no 3 
eS effect upon it, 





_ Bramwell (1932-33) records a case in which the contrary observation 

ao was made: ligation of the internal carotid for an intracranial aneurysm. 
hanished the headache of which the patient complained, before the patient : 
left the theatre. | 
Headache of varying degree and distribution frequently follows an- 
epileptic seizure, whether or not there be a demonstrable: organic lesion 
such as a tumour or an area of cortical atrophy. The headache may be 
severe and is clinically very similar to that which occurs with an mtra- 
cranial tumour. The following cases have been chosen in order to ilus- 
trate these points. 


—— CA patient suffering from an astrocytoma of the right frontal lobe had had o 

a — fits for three and a half years. The fits were always followed by a. 
“ight frontal headache. Eighteen months before admission to hospital, head- 
aches occurred independently of the fits. These headaches were quite similar rin | 

situation and quality to the post-epileptic ones. 7 

— Another patient had suffered from bifrontal headaches for many years, For 

<o about one year before admission to hospital he had Jacksonian epilepsy, and each 

fit was followed by a headache similar to his former ones. At operation a spongio- 

blastoma multiforme of the right frontal lobe was removed. 

¿oo Jn two patients suffering from epilepsy, encephalography demonstrated an area. 
-> of cortical atrophy. In each case the pogt-convulsion headaches only affected that- 
; -side of the head in which this atrophy was present. 







© Cases such as these give support to a thesis which offers a common _ 
causal mechanism for the headaches of tumour and of es 





142 ORIGINAL ARTICLES AND CLINICAL CASES 


THE EXPERIMENTAL PropucTion OF HEADACHE. ° 


l.—By Stimulating Intracranial Structures. 


When the opportunity has presented, observations have been made 
during the course of operations under local anzsthtsia to determine the 
sensitiveness or otherwise of the various tissues encountered. 

(a) Dura mater.—It has long been considered that the greater part of 
the dura mater is insensitive to such operative trauma as cutting, clamping, 
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Fic. 1. 


and burning, except in the immediate vicinity of the middle meningeal 
arteries, but the observations which, follow show that this is not so. 

During cerebellar explorations, I have inserted an instrument under 
the dura mater and exerted fairly heavy traction. In each of three cases, 
this gave rise to an ache at the back of the head on the same side, in one 
case radiating into the neck. 


SOME OBSERVATIONS ON HEADACHE 143 


In four cases, the inferior surface of the tentorium has been stimulated 
by pressure with the tipg of dissecting forceps (fig. 1). At a point (1) near 
its free edge, 2 cm. behind the right trigeminal nerve, pain was experienced 
behind the right eye, somewhat less severe than the pricking pain which 
was felt in the forehead when the trigeminal nerve itself was touched 
(2). Pressure and traction (3) during the removal of a tumour caused pain 
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in the middle of the back of the head, none in the eyes. The touch of 
the forceps (4) in another case caused, the patient to complain of pain in 
the homolateral eye. When the endothermy was applied to the upper 
surface of the tentorium in the middle line (5) (fig. 2), or when traction 
was exerted on it, the patient complained bitterly of pain, but he was too 
unco-operative to describe its location. 


f 






middle meningea by clamr : 
sults usually in a fairly acute pain, “referred to thè 
de of the head, either in the iple or just above the ear- 
On several occasions this manœuvre has been painlegs. : ; 
While drilling ; a hole for ventriculography, in two cases there was pain i ae 
cin the back of the head when the dura mater in the parieto-occipital regio! : 
: (7) was stimulated by the perforator, the patient stating that it felt to ‘be o 
where the operator was working. In one case this occurred on one side and 
not on the other. T his procedure usually Causes no pain. 7 

The passage of a de Martel guide from one burrhole to another in 
order to introduce a gigli saw may sometimes give rise to well localized 
pain. At 8 there was pain above the homolateral eye, and at 9 it was 

elt at the top of the head on the same side. In the temporal region (10) 
the pain was felt behind the homolateral ear. 

_ ‘The sensitiveness of the superior sagittal sinus and its neighbouring 

dura appears to vary considerably. In one case the use of the endothermy 

(11) whilst removing a meningioma caused considerable pain, but the 

patient was not sufficiently helpful to localize it. In another case, a portion 

of the sinus (12) was removed practically painlessly. In a similar study 

of dural pain, Penfield (1935) has frequently found this sinus quite sensitive. 

to faradic stimulation, the pain being referred to the vertex, forehead, eve, 

-ccor temple of the same side. 

When the dura mater is being stripped off the orbital plate of the 
frontal bone (13) pain may be felt behind the inner or outer part of the 
eye, corresponding to the area of dura mater affected. In another case, 
when removing a meningioma, traction on the dura mater at many points 
behind the frontal air sinus (14) caused pain to be felt in the temple. By 
exerting traction on the diaphragma sella (15) in a case of pituitary 

tumour, pain could be produced in both temples, in the back of the head l 
on the same side, and in the opposite eye. -o e 
In the majority of these experiments, the traction necessary to produce 3 
pain was very considerable. There was a wide range of variation in- the — 
sensibility. but the tentorium seemed to be more sensitive than other areas 
of the dura mater, excepting that around the middle meningeal vessels, 
and the dura mater lining the vault the least sensitive. 
: (b) Cerebral arteries—In five patients, observations have been made 
e on. the effect of pressing upon, or displacing t the internal carotid artery in 
cee. the vicinity. of the anterior clinoid process. In two. pain was appreciated 
behind or in the homolateral eye. in one the pain was referred to the temple 
on the same side, and in another pain was experienced in the region of 







































l — — * pia mater, the braa — or r upon i 
of. the ventricles. The cortical veins and arteries and the choroid | 
uses were. insensitive to clamping and to endothermy. In two cases, l 
action in certain directions upon a tumour adherent to the choroid 










plexus of the temporal horn gave rise to pain which was felt deep in the : ee 


-head near the vertex on the same side. It could not be ascertained whether 
: the pain was due to movement of the choroid plexus or the middle cerebral _ — 


artery, or a distant effect on the cavernous sinus or Gasserian ganglion. ae 
+ z: 


H.—By Altering the Intracranial Pressure. 


: gd The effect of raising the intraventricular pressure has been noted in — 


four cases. Warm Ringer’s solution was quickly injected into the ventricles 
in the course of ventriculography, before the removal of any cerebrospinal 
- fluid. In two cases no headache occurred. In a third case this caused an 
exacerbation of occipital headache which was already present. It is 
interesting that in this patient, traction on the dura mater lining the 
posterior fossa, in the manner already described, did not give rise to any 
headache. Contralateral frontal headache resulted from a fourth similar 
experiment, in which the intraventricular pressure was suddenly increased. 
_ It should be noted that injecting fluid into the ventricles in these experi- 
_ ments raised the general intracranial pressure, as well as the intraven- 
: tricular pressure. Consequently its effect may not necessarily have been 
_ due to distension of the ventricle. In fact, wè have seen that direct 
"pressure on the wall of the ventricle does not cause pain. 
©- (2) In three cases of high spinal cord tumour, Ringer's solution was — 
injected into the cisterna magna, before the injection of lipiodol for the 
purposes of radiological examination. In one case, after the injection of 
_ only a few cubic centimetres of fluid, the patient immediately complained 
of headache affecting the front half of the head. The headache rapidly 
-subsided as the fluid was withdrawn. In the other two cases, the injection 
_ of 10 c.c. of fluid had no such effect. 2 
6) Before opening the dura mater ip the course of a cerebellar explora- 
a “don, I have observed that 20 c.c. of Ringer's fluid injected under the dura 
-< mater, probably into the subdural space, has resulted in homolateral 
ccipital headache, which gradually disappears as the fluid escapes. . Tr as 


-usual in posterior fossa operations, to relieve the intracranial tension by 





















pee 6 Compression of the jugular veins for two minutes induced headache 
— a six out of nine cases, and in four of these, the oun intracranial pres- i 
-sure was not above 200 mm. 
6) In many cases headache was produced by suddehily reducing | the 
o intracranial pressure. One of the patients in whom jugular compression 
—— produced headache, stated that the headache became much worse as the 
<- compression was removed. A subdural hematoma was subsequently 
found over the right hemisphere: it is noteworthy that the experimental 
headache was quite similar to his usual headache, being situated in the 
-right side of the forehead. 
z (6) In five cases, when the lateral ventricle was tapped, the sudden 
escape of fluid was attended by considerable pain. On one occasion the 
-intraventricular pressure was 550 mm., the patient being seated; and 
_bifrontal headache occurred when the pressure fell below zero. On diss 
connecting the manometer, air hissed into the ventricles, and the headache _ 
completely subsided. In another patient with a frontal glioma, the pressure | 
-at ventriculography was 270 mm. When the ventricle was tapped on 
account of headache during the operation an hour or so later, the pressure 
was zero and the headache was relieved by pressing on the dura mater. 
(7) The sudden release of fluid pent up in an arachnoid cistern has been 
noted twice to give rise to headache. When defining the lateral margin 
_ of a large suprasellar meningioma near the anterior clinoid process and the 
i internal carotid artery, there was a sudden gush of cerebr ospinal fluid from: 
the cisterna chiasmaticus. As the fluid escaped, the patient complai 
of prolonged and severe aching in and over both eyes. In another case the 
uncture and sudden release of fluid from a much distended cisterna 
magna caused headache, so intense, that the patient was unable to state 
where it was. 
7 (8) To. illustrate the production, of headache by decreasing the intra- 
< cranial pressure, I will describe details of experiments upon a man who had 
an enormous. cystic tumour of the anterior half of the right cerebral hemi- 
sphere. Many years previously a right subtemporal decompression hach 
been performed 3 with relief of his symptoms for a long period. A ma 




































































3 ide, the pressurg was 120 - mm. — side, and headache — 
oped. With each further decrease in the pressure as fluid escaped 
the ventricle, there was an exacerbation of the headache, but pr es 
n the decompression gave complete relief. When the pressure | fe 
as 10 to 40 mm. the headache, which was fairly severe all over 1 
— forehead and in the decompfession, was made much worse by pressing 
7 on the decompression. At this stage, tilting the table so that the head 
` Jowered increased the pain, and jugular compression and the intraveno 
_. injection of histamine also made the headache worse. The headache now 
remained fairly constant in intensity, and taking further fluid out of the 
entricle or putting some back did not influence it. Although this head- 
_ ache was clearly induced by reducing the intracranial pressure, it could not 
be relieved by reconstituting the normal pressure, but subsided spon- — 
taneously in a few hours. This suggests that a change occurred in the 
-sensitive tissue concerned, which was not immediately reversible. 

















III Combined Ventriculography and Encephalography. 


It has always appeared to me as a significant fact that the procedure | a oe 
of ventriculography is usually associated with little or no discomfort, yet oe 
encephalography is intensely painful. When air is injected into the 

< lumbar theca in the sitting position, headache usually commences after 
the replacement of about 20 c.c. of fluid, and is felt first in the occipital 
ue region, spreading subsequently to the vertex and forehead. Jugularcom- —__ 
-~ pression provides some relief from the pain, more especially in the earlier 

stages than later when most of the cerebrospinal fluid has been removed. _ 
oT ye pain is bilateral, but if the air be injected with the patient in the lateral 
- position, then headache develops only in that side of the head lying upper | 
Z “most. On sitting-up, the pain becomes much more severe and spreads i 
to both sides of the head equally. Penfield (1927) has made simila 

— ybserv ations, and has proved radiologically that the air passes to any J 
| desired part of the vault with the production of a headache on that side. > 
-I shall now describe an experiment combining ventriculography and 
ncephalography. The usual parietal þurr holes were made, and with. the — 
patient seated, a needle was inserted into the lumbar theca; its stylet was E 
not yet removed, so that fluid should not escape. The ventricles were 
apped and the fluid contents replaced by air without any discomfort. 

With the needles still in position so that there was a free communica’ 



































d been placed t by air the 
; alh € nt was repeated in another 
— — — precisely — aule | | 
_ Since headache does not occur in ventriculo gaily when usually little 
-or no air enters the subarachnoid spaces, and since headache does develop — 
ea) encephalography with the ventricles kept at normal atmospheric 
|. pressure, one may conclude that in these circumstances the responsible 
sensitive structure is not within the ventricle. The sensitive mechanism 
must be related to the dura; mater with its vessels and sinuses, or the pia- ~ 
arachnoid membranes and enclosed vessels, provided one assumes that the 
brain tissue itself is insensitive. : 
_ From the study of clinical material it has already been demonstrated 
that the absolute value of the intracranial pressure bears no constant rela- 
tion to the presence or absence of headache. On the other hand the 
experimental observations recorded in this section clearly indicate that 
the sudden increase or decrease of a pressure previously normal or abnor- 
_ mal readily causes headache. A rapid reduction of the pressure is perhaps 
the more conspicuously successful method. The conclusion may there- 
fore be drawn that it is the sudden variation im the mtracranial pressure 
-which induces experimental headache, not the steady pressure itself. 





IV.——Collapse of the Brain. 


A most unusual and dramatic cause for pain was observed in five 
patients with colloid cysts of the 3rd ventricle or basal ganglia tumours, 
in each of whom ventriculography had demonstrated grossly dilated 
ventricles. The ventriculography was performed immediately before 
operation and as much fluid as could be obtained was replaced by air with 
insignificant discomfort. In order to expose the tumour a piece of brain 
was excised so that a wide opening was made into the ventricle. When. 
: the : air which was: gently distending the ventricle suddenly escaped, the 
whole hemisphere collapsed like a punctured balloon. This sudden 
collapse of the brain was associated in each case with an immediate intense 
pain in the head. The precise distribution of the headache was not deter- _ 
mined, and it disappeared after a few minutes. The significance of these 
-observations will be discussed later. : : 





V.—Headache Produced by Histamine. 
` Pickering and Hess (1933-34) were the first to make a detailed study of. 
the headache. which results from the intravenous | injection of histam: 






























— a —— The i intravenous — of o: y ‘agen, ‘Tu I 
‘in normal subjects: usually produces a bifrontal throbbing he d 
) pee cont forty-five to sixty seconds after the inject 

CO! ae of ve to ten minutes. Histamine is a va 













D nr: Clearly, the headache net tg in ahi manner cannot 
be due to a rise in the intracranial pressure. — 
In order to compare the headaches of intracranial tumour with that 
produced by histamine, I have injected histamine into fourteen patients 
_ suffering from tumour. In three no headache occurred, and in normal 
persons histamine does not invariably cause headache. In each of the- 
: ~ remaining eleven patients, the headache which occurred was similar in 
quality and distribution to that produced by their tumour. If the head- 
ache due to the tumour presented peculiar features, such as restriction to 
one side, then the headache from histamine had the same characteristics. 
< One case illustrates this most conspicuously. The spontaneous headache 
_ for which the patient sought admission to hospital was an intense pain. 
over the right side of the forehead, spreading up to the vertex, and as the ~ 
; headache developed, so the whole side of the forehead -broke out into F 
rofuse sweating. Histamine produced an identical headache- and 
veating. g. 
-It was not possible to check these studies by measuring the pressure ofo 
“the cerebrospinal fluid, but the changes in the blood-pressure _ were 
= recorded, and it was found that the headaches always began as the bloc 
_ pressure was returning to normal. Clearly, in subjects suffering from a 
tumour, as in normal subjects, the headache produced by histamine cannot 
be due to the rise in intracranial pressure. 
-I have endeavoured to determine whether histamine causes headache by _ 
virtue of its effect on the vessels of the dura mater, or on the cerebral 
The minor r operation of cerebral arteriography performed under 
; ented this opportunity, and in thirteen patients % 
ave injected min into the carotid. arteries. Three of the T ‘ié 
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THE EFFECTS OF INJECT ING HIST AMINE 
INTO THE CAROTID ARTERIES. 
15 injections into the common carotid artery: 
in 6 cases, headache was entirely He 
in 9 cases, headache was worse on homolateral sides, or equal each side 





6. injections into the internal carotid artery : 
in 5 cases, headache was homolateral. 
(betoming slowly generalized in one case). 
in | case, headache was absent. 
6 injections into the external carotid artery : 
in 5 cases, headache was entirely absent. 
in ] case, faint generalized headache occurred. 





: Injection, and the remaining nine were either bilateral or developed earlier 
on the homolateral side and affected it much more than the contralateral 
side. On six occasions the injections were made consecutively into the 
internal and external carotid arteries of the same side. On five occasions, — 
: injection into the internal carotid artery was followed by homolateral head: _ 
ache, which in one case very slowly became generalized. In these same 
_ patients, however, no headache at all was produced by injecting the hista- 
‘mine into the external carotid artery. The sixth case was unusual, for 
injection into the internal carotid artery did not cause headache, but a | 
very faint generalized headache slowly developed thirty seconds after the 
external carotid was injected. f 
J The middle meningeal vessels are divided during the course of many 
-o intracranial operations, either at the foramen spinosum, or at the junction ; 
: of the floor and the lateral wall of the middle cranial fossa. Histam 
as injected intray 














venously into several patients. who. had had such an = 
ration, and headache was felt on both sides of the head. 

“Several conclusions may be drawn from these experiments. The 
rapidity with: 







which some of the headaches developed and their restriction 
j f the i injection suggest that this experimental headache depends 
primarily. on an alteration in calfbre of the intracranial blood-vessels. 
Furthermore, there is strong evidence that the vessels affected are the 
rebral vessels, branches of the internal carotid artery, and not the. p 





meningeal vessels of the dura mater derived ultimately from the exte ern 
carotid artery. > 








$ Histamine Headache. 






i ickering and Hes stated that the removal of the stellate sympathetic : 
lion did ni not t abølish histamine headache. I have confirmed — ip : 


















whom the sensory root «of u ane —— nerve bad jeen — : 
; divided. In three cases, my observations confirmed those of Pickering, 
for headache was restricted to the forehead and temple of the normal side. 
a ‘In one of these patients, the headache also affected the back of the head, 
equally on both sides. In two other cases, however,ethe headache was 
SS equally distributed over both sides of the head, one of the patients stating — 
3 spontaneously that the pain was worse on the side of the operation. The 
__ the two remaining cases, the injection of histamine did not give rise to any 
headache. One of these subjects was willing to co-operate further, so I 
— injected 10 c.c. of air into the lumbar theca while he was in the sitting 

position. Headache developed at first in both sides of the back of the 
head, and later affected the forehead and temple of the normal side only. 








Observations on the Relief of Headache. 


The relief of headache has been studied but with less successful results, 
for the provocation of a headache by experimental methods has been 
_ effected far more readily than its relief. Raising or lowering the head of 

_ the bed has occasionally given relief, but either position has been found 
y helpful in cases of high intracranial pressure. If the headache was assoc ooo 
ated with an abnormally low pressure, elevating the foot of the bed usually 
abolished it. There has been no convincing evidence that amyl nitrate, — 
histamine, or ergotamine tartrate had any consistent effect on` the- 
oe headache. 

_.. The intravenous injection of a hypertonic solution of sodium chloride 
— glucose has at times given considerable relief. The following two cases 
~ good examples. 

— (1) A boy, aged 16, had experienced headaches and vomiting for three — 5 

- — admission to hospital, The headaches were bifrontal and paroxysmal in type, 


associated with pain and stiffness of the neck. An operation was performed for 
e removal of a cerebellar angioma which had bled, causing acute hydrocephalus. 


Prior to the operation, the headache became so intense that he was given 40 cc. of 
15 per cent. solution of sodium chloride. Relief was afforded almost immediately, 


and he said he felt better than at any time during the preceding few ay 
























» the a bead- 
F ee 










a colloid cyst of the third — was Saal 


A moderately severe headache was immediately relieved by tappin | 
ne: ventricles, the tension being considerably above normal. Three times, 
i. rtial relief was occasioned by tapping a gystic tumour, One of these 
was a recurrent cystic glioma of the frontal lobe, and the. pressure of the 
cystic fluid was only 70 mm. The headache was somewhat relieved ¢ : 
fluid. dripped from the needle, but if vigorous aspiration were attempted, Peete 
A F headache immadiately became worse. _ a 
oe lam indebted to Profeo Paterson Ross for the opportunity of study- 
. s = ing a patient who had had a successful subtemporal decompression many 
ears ago for symptoms of a cerebral tumour. He sought readmission to 
hospital on account of symptoms suggestive of a recurrence of the tumour. 

As part of the investigation which subsequently excluded the likelihood 

— of a tumour, a lumbar puncture was performed. A day or so later, every 
tyme the patient sat or stood up, the decompression became deeply concave, 
and he experienced intense contralateral frontal headache. The headache > 

subsided when he lay down, and the decompression became less concave. 

_ This condition persisted several days, until 50 c.c. of warm saline. were < 
“slowly injected into the lumbar theca when the patient was in the lateral 
‘position. The decompression now bulged and when he sat up, the head- 
ache no longer occurred. He remained practically free from headache 

“without any further injections of fluid. 





, Discussion. 

The observations presented in this paper, and those published by í others, 
fford incontrovertible evidence that certain areas of the dura mater p 83€ 
nsiderable sensitiveness when suitably stimulated, and i it has been almo! 
rersally accepted. that the dura mater and its vessels are the sensitive = 
responsible for the production of headache. From the clinical J 
servations recorded in this paper it is clear that an explanation which is 
ased. upon d iral sensibility i is inadequate. . Many speculations, have been 
dvanced to o explain Eo how the dura cepon ey and I will indicate 

















ctures 








; — —— as — at operation ‘depends upon a fairly seve ere F 
pressure, which if prolonged, would probably result in tissue ischzer nia: 
The pain which results i is. ‘usually fairly sharp and confined toa small are 
























































position “of E the patient ocate with fair accuracy, but the- 
culty in finding a suitable description for spontaneous headaches is 
ommon experience, and their location is usually vague. An example of 
is offered in cases of tumour of the cerebellum adherent to. the 
orium. Pain is Mrely felt in the eyes, though this is the characteristic , 
l of stimulating the tentorium. Moreover, dural pain ceases shortly ; 
the stimulus is removed, but altering the intracranial pressure ¢ causes- 
dache which frequently persists for several hours, in spite of the restii ti 
Ol “of the normal pressure. e The suggestion has already been made tha 
this signifies some change in the sensitive tissue which is only: slowly 
— reversible, and cannot be a simple pressure effect upon the dura mater. 
ANow can a tumour so stimulate the dura mater as to produce frequet 
—— paroxysms of headache, the intervening periods being free from 
— pain? If it is merely an increase of intracranial pressure which stimulates — 
the dura mater, why does not headache regularly occur in normal people. — 
— when jugular compression is performed, or each time one coughs violently? 
: 3 “here are many who will maintain that this fails to excite headache 
because it increases the pressure uniformly within the skull. They con- 
sider the stimulus to arise from unequal pressures on the sides of the 
tentorium or falx. But every morning on rising the brain must weigh 
more heavily on the tentorium, with no il-effects. One may press on a 
subtemporal or cerebellar decompression almost to the point of damaging 
the brain, yet apart from slight discomfort the patient denies any real 
headache. If the dura mater were the responsible structure, one would 
expect the pain to be more frequently referred to areas supplied by the 
Gasserian ganglion. Such associated pains in the face do occasionally 
occur, as distinct from so-called false localizing signs due to direct pressure _ 
upon ‘the ganglion. They are met with more “frequently amongst patients. a 
with a pituitary tumour, and I believe, in those cases in which a tumour 
= gains a secondary attachment to the dura mater, such as occurs with a 
> cerebral abscess. That headache occurs in cases of pituitary tumour jso 
m considered to be strong evidence that pressure on the dura mater: auses 
= headaches, by reason of the confined dural limits in which this ‘tumour 
grows. It seems very probable that more than one mechanism may be 
operating 1 in these cases. The poorly-localized, dull bifrontal headaches g 
lay be caused in the same manner as in other intracranial tumours, 
ereas the radiating neuralgic facial ‘pains may well be referred from. the 

































ta mater. $ 
Phe headache due to — cannot be explained by dural stimula- 
Tt occurs only with a falling intracranial pressure, and is. relieved. 











iswered, | séfore passing to the constructive portion’ “of the discussion. It 

conceded that direct stimulation of the dura: mater by direct pressure, l 

or by its. involvement in the disease, may occasionally be the cause Of. E 

= headaches. Such headaches are of a special neuralgic type ; they usu illy — 
ccur in cases of pituitary tumour and only rarely in cases of tumour else- 
where in the cranium. But from the available clinical experimental 

> evidence the conclusion is inescapable that the dura mater is not the | 

sensitive structure which is responsible for the common headaches of a 

intracranial tumour. 


$ 
*. i * * * 





The only intracranial tissue other than the dura mater which is sensitive 
to suitable stimuli is apparently the cerebral blood-vessels. That headache 
might be vascular in origin has already been suggested, and this aspect 

-of the subject will now be discussed. I shall proceed to indicate in what 

way the vascular changes which occur during histamine headache may be 

related to the statement that “it is the sudden variation in intracranial 

; pressure which induces experimental headache.” A proposition in explana- 
tion of headache will follow further elaboration of the argument. 

Let us consider the forces within the cranium which may influence the 
calibre of the smaller cerebral arteries. There are three variants: the 
intravascular pressure of blood distending the vessel wall, the tone of the 
vascular musculature, and the intracranial pressure which supports the 
outer surface of the vessel—this may be termed the extravascular pressure. 
Since these forces act within a semi-rigid container, the variation of one 

beyond certain limits must influence the others to some degree. Histamine —__ 
injected intravenously causes generalized vasodilatation; the blood- Gs, 
i pressure, and therefore the cerebral intravascular pressure- falls, a paei 
ecause of the i increase in calibre of .the cerebral arteries the intracranial — 
xtravascular) pressure passively rises. As the effect of the drug subs 























: sides, i 
the tone of the systemic arteries recovers more rapidly than that of the 
cerebral arteries, so that the tone of the cerebral vessels is still less than 
“normal when the intravascular pressure has regained its former value. It 


is at this point that headache is appreciated. Clearly, as Pickering and 
ess pointed out, during this period of lag i in the return of vascular tone, 
the walls of the cerebral vessels are being subjected to an unusual de ree. 


of tension, and ey suggested that it was this abnormal state of 4 el 








































whieh gave rise to the headache. The relief obtained by increasing the ~ 
ie acrantal pressure and consequently giving greater support to the vessel 
walls, and the relief which resulted from diminishing the blood-pressure 
d the distending effect of the intravascular pressure, is evidence which 
gly supported this view. When histamine was injected intravenously by 
oa patient with a recurrent right frontal glioma, in whom an enormous _ 
ebral hernia had developed through a wide bone defect, the headache 
-== Was more severe on the right side of the head. This may be explained by 
the lack of external support to the vessels of the right frontal lobe whig a 
the intact skull would have afforded. e 
Clark, Hough, and Wolff (1935) have performed experiments via 
a still further favour this explanation of an abnormal state of tension in th 
_ walls of the cerebral blood-vessels. Simultaneous pĥotographic records : 
: were made of the pulsations of the temporal artery, and of the cerebral 
-vessels as reflected in the pulsations of the cerebrospinal fluid. The increase 
. in the excursion of each pulsation was very much greater in the cerebral 
e -vessels than in the temporal artery, during the period when histamine 
_ headache was experienced. 
Since the intravascular pressure is opposed by the extravascular pressure 
and by the tone of the vessel wall, any sudden drop in the extravascular- 
pressure—as occurs when the ventricle is tapped—would cause a relative 
degree of abnormal stretching of the vessel wall, unless the tone of the 
‘muscle were immediately adjusted. Such an experimental procedure was 
-found to be very successful in provoking headache, and that it may be due 
to a change in vascular tension is an hypothesis comparable with that given 
_. for histamine headache. Whether it is the adventitia or the media, or 
oS both, which respond to the stimulus is not clear. oe 
“Can the headaches due to an intracranial tumour, or due to an experi 
ental rise in the intracranial pressure, be explained upon a similar basis? 
In order to answer this question, the behaviour of the cerebral circulation 
in the presence of an intracranial tumour must be briefly considered. 

In order to maintain an adequate blood supply to the brain, a delicate 
balance is maintained between the lumen of the smaller cerebral arteries 
and the — of the blood flow. The — of the flow of — 


























J an venous pressure and the eal seal pressure. ‘According a 
to Wolff and Blumgart (1929) ) when. the intracranial pressure is raised a 
= slowing of the blood-flow occurs. In consequence of this, cerebral veins, 
— capillaries, and arteries dilate in order that the blood supply may be 
— adequately maintained. The slowly growing tumour ecu’ compi rë 





















ry EDI CS. ig a and consequently 

is an increase — — — capill aries... ‘Tei is this progressive 
sodilatati n which results in the rise in intracranial pressure in the course 
the disease. W hen the cerebrospinal fluid presshre is measured, one | 
tains an index of the cerebral capillary pressure, and the venous pressure. __ 
closely related. An increase of intracranial pressure in disease indicates 
7 primarily an increase of the pressure within the arterioles and capillaries. 
It is no measure of the bulk of the tumour, for at post-mortem the pressure 
is zero. This is in accord with clinical experience, for the intracranial — i 
pressure may be normal in a patient with a very large meningioma, or ino oe 
one with a condition. such as a colloid cyst of the third ventricle which has — 
- ~ nevertheless produted conspicuous dilatation of the ventricles. So slow 
is the growth of the tumour that the brain adapts itself by gradual dis- 
Ee ches placement, compression, and even atrophy. The process is too slow to 
ae affect the general intracranial circulation until the terminal stages when 

_. the limits of compensation have been reached, and although it is. quite 

evident that the disease has been present for a long time, only a relatively 

_ short history of recent headache may be obtained. On the other hand, 

A more rapidly growing tumour such as a glioma, although it may. be 

: l small, will readily cause progressive disturbance in the cerebral circulation, 
resulting in a raised intracranial pressure and liability to headaches. In 

order to maintain an adequate blood flow fluctuations must occur in the 
tone of the vessel walls, and consequently in the intravascular and extra- 
vascular pressures. In this relatively labile state, conditions are highly 
favourable to the disturbance of proper balance between these three 
variants. Such a lack of balance will subject the vessel wall to an abnormal 
strain. The view is therefore advanced. that the headache in intracranial 
tumour is due to some disturbance of the tension of the walls of the cerebral 
vessels, It is this disturbance of tension which provides the adequate — 


stimulus for the excitation of pain. 
































Many clinical observations give direct support to. this explanation ‘of — 
dache. Attention has already been drawn to the similarity between 

e headache produced by histamine and that due to a tumour. This 

_ similarity is remarkable since histamine evokes the peculiarities of certain 
tumour headaches, and indicates that one and the same sensory structure 

is being stimulated, The pain which occurs during operations when the 
brain collapses may be deemed vascular in origin, being due to the sudden 
“gross distortion of the arterial tree. An alternative explanation mige be | F 
offered in these cases, and for the headache of ba oc a Co 




































lerable traction must st be exerted the veins entering. the great sinu X 
the brain falls away from the dura mater, and this traction may stimu- 
E late the sinuses. This however implies a dural origin for the headaches. 
id such can no longer. be admitted. Moreover, the pain of collapse of 
‘brain was momentary although the tension upon the veins was main- 
ined. The headache of encephalography endures for some hours and i i 
It slightly relieved in the recumbent position, in which position most o 
the veins will be relaxed. The unilateral headache which. follows th 
~ intrathecal injection of a snvall quantity of air when the patient is lying 
© in the lateral position may be due to a local difference in the support 
afforded the cortical vessels. 





z The clinical evidence that in the majority of cases the tumour is sinuses 
— on the same side as the unilateral headache, suggests. that the headache _ 
depends upon some local feature, and some abnormality of vessel tension os a 
-forms an adequate basis for explanation. The walls of vessels in the — 
-immediate vicinity of a tumour may well be in a different state of tension 
-from those more distantly placed. Such strain may be dictated by some oo 
local vasomotor influence. A similar state was produced experimentally. 
when histamine was injected into the carotid artery and caused homolateral. 
headache. Paroxysmal headaches can also be satisfactorily explained in __ 
this way ; the variation of intensity in the headache may originate in some 
vascular crisis which has arisen in order to maintain an adequate blood 
flow. These crises will naturally become more severe during the closing 
_ phases of the illness, corresponding with the progressive intensity of the 
headaches. The frequent termination of these headaches in unconscious- 
: : ness and in an epileptiform convulsion’ makes such an explanation. 
o reasonable. | 
_ Headache is frequently of minimal degree in elderly patients suffering — a 
- bon spongioblastoma multiforme. Not only may it be entirely absent, 
but the intracranial pressure is often normal, although at autopsy the _ 
tumour proves to be of considerable magnitude. This type of glioma is 
_ very malignant, and in spite of its rapid increase in size, the surrounding 
brain becomes extensively infiltrated rather than compressed. In this way. 
~ the joint bulk of the tumour and the brain may not be much increased, — 
x — and the cerebral circulation is not hampered. In a personal communica- F 
tion, Dr. J. G. Greenfield suggests an, alternative explanation. In elderly 
persons the subarachnoid spaces are frequently very capacious and conse- 
quently accommodation is provided fora considerable growth of a tumour — : 
_ nen an undue rise in the intracranial pressure. , 
_ Gibbs (1934) analysed the frequency of the various ———— prodi 












dence of severe h cadachios followed tha € 
nvulsions more closely than the curve of. any o other symptom. ‘This 
»bservation i is of interest when considered with the cases previously quoted, 
hich demonstrated the similarity between the headaches due to a tumour 











idence of gener alized — 


ind those due to an epileptiform seizure. The latter headaches may very — 


likely have a vascular origin, for there is general agreement that during =~ 


convulsions widespread changes occur in the diameter of the pial arteries, 
although the significance of these changes isnot yet appreciated. Penfield 
(1933-34) states that the typical vasomotor phenomena consist of an arrest 
of visible pulsation in the arteries during the seizure, followed by a period | 
when the vessels pulsate more violently and more rapidly, and the veins 
“may assume the hie of arteries. Except for the cessation of pulsation, this 
-description accurately resembles the appearance of the exposed brain after 
the patient has received an intravenous injection of histamine during 
the course of an intracranial operation. Furthermore, it is during 
this period of excessive pulsation that histamine headache is appreciated. 
It may be asked why many epileptics do not experience headache. The 
| explanation probably lies in the degree of the vascular distortion. In their 
experiments, to which reference has already been made, Clark, Hough and 
‘Wolff concluded that the “threshold” for headache varied widely in 
different subjects. Of paramount importance was their observation ‘that 
“in a given individual after a vasodilator agent (histamine) which caused 
headache, the distortion of the vessels was nearly twice that following 
another vasodilating agent (carbon dioxide) which caused none.” 

There are several serious objections to this suggestion of a vascular origin 
of headache which must be answered. The most obvious and the most 
difficult to refute is based on anatomy. Along what pathways are the 
afferent stimuli conducted, and what course do the nerve fibres take in 
order to reach the brain? It is known that no afferent fibres déscend from 


ee the superior cervical sympathetic ganglion, nor does stellate ganglion. oo 


ectomy prevent headaches. Furthermore it has been shown that total | 
es ection of the sensory root of the trigeminal nerve abolishes headache, 
o ough not invariably. This evidence has hitherto only been interpreted 
. ing that the meningeal vessels are the structures responsible for 
— bad. and these have already ł been excluded. But it may be asked 
whether any branches pass from "the Gasserian ganglion or from its 
< sensory root, to join the carotid plexus and perhaps serve as an afferent 
— pathway from the cerebral vessels. There is no evidence on this very 
important detail of anatomy. Stöhr (1928) only considers it, without cor 

















o EY a personal commygnication, Professor Donal Sheehan informs me that 





ing into the skull on the internal carotid artery. These reactions were _ a 

























a iting himself ; Desea (192 9) oth branches pass ote the 
- trigeminal nerve to the carotid plexus, but gives no supporting evidence. — 








he has made careful „dissections of eight specimens of the cavernous sinus. 
at ) every specimen, he has found several connections between the Gasserian 
‘ganglion and the sympathetic plexus around the carotid artery. He points _ 
out, however, that from dissections alone, he is not prepared to say whether 
— these connections convey sympathetic fibres to the 5th cranial nerve, OF 
sensory fibres from the carotid artery. — 


There are some suggestive experiments which help to fill this hiatus i in 
anatomy. Davies and Pollock (1932) found that reactions of pain wer 
produced in animals when a stimulus was applied to the superior cervical 
ganglion, after all its branches had been severed except those fibres ascend- a 





-abolished when the trigeminal nerve and the upper posterior cervical roots _ — 
on the same side were divided. They concluded that the pain was 
produced by some effect of the stimulus upon the structures innervated 
by the sympathetic nerves. This stimulus may well have set up an 
abnormal state of tension in the cerebral vessels, the afferent path for the 
pain being along the divided trigeminal and cervical nerves. This raisés 
the question whether the vertebral arteries may not receive branches from: 
the cervical nerves, in order to account for the occipital distribution of 
some headaches. Temple Fay (1931) has found that stimulation of the 
vertebral and basilar arteries causes pain in the back of the head and in the 
neck. 


Similar conclusions may be drawn from the work of Penfield and | — 
Chorobski (1932), who have demonstrated that in monkeys, the Vasodilator ae ——— 
fibres to the cerebral vessels leave the brain by way of the facial nerve and o 
gain the great vessels through the greater superficial petrosal nerve. Some 
of their experiments in nerve degeneration indicate that afferent fibres from | 
the carotid plexus may join the geniculate ganglion and reach the brain 
through the nervus intermedius. They found that stimulating the. distal 
end of the cut greater superficial petrosal nerve not only resulted in vaso- 
dilatation, but caused the animal to struggle when anesthesia was light. — 
This struggling was abolished when the trigeminal nerve was divided. 















Levine and Wolff (1932) using galvanic skin responses as a criterion of 
>: pain, have made experiments on animals concerning the effects of stimulate = 
- ing electrically the blood-vessels and pia mater in various parts of the brain. — 
. They obtained results which indicated that afferent impulses were SEE: 










dereba — — as — — cerebral artery. “As these observers 
ark, negative results in man may only signify that the adequate 
mulus was not being employed. | 
— Objections may be raised against evidence. which is based on a com- 
parison of headache due to intracranial tumour with histamine headache. 
Ix has been noted that histamine headache is rélieved by lowering the blood- 
— pressure by the use of a vasodilator. Such treatment for the headache ee 
_. intracranial tumour usually gives no clear-cut. relief. The headaches ; : 
~~ associated with an abnormally low intracranial pressure are, however, 
— relieved by artificially raising the pressure ; this action may well be similar 
— to the relief which jugular compression affords histamine headache. It is 
not suggested, moreover, that headaches due to tumour are due to vaso- 
dilatation, but that an abnormal state of tension of the walls of vessels acts 
-as the adequate stimulus. Drugs which are believed to act upon the cere- 
bral vessels are unsuccessful when employed to relieve the headaches of 
= tumour. In this connection, the considerable relief afforded by the intra- 
venous injection of hypertonic solutions is of great significance. Although 
this procedure is known to reduce excessive intracranial pressure, it should 
not be assumed that the relief of the headache is necessarily a direct result 
of this reduction of pressure. Wolff and Forbes (1928) observed through | 
skull windows the effect on the cortical circulation of the intravenous 
= injection of hypertonic solutions. Following a transient vaso-dilatation 
(which could be prevented by injecting the solution very slowly) the pial 
arteries and veins gradually decreased in calibre, and this vasoconstriction 
was associated with a fall in the pressure of the cerebrospinal fluid and a 
rise in the systemic blood-pressure. The work of others is quoted, in which 
«increase in the tone and in the peristalsis of the bowel, and pallor of the 
bowel wall and of the — due to vasoconstriction, were also observed 















i 2 this — occurs ae — — termi 3 
later. Clearly, this is too soon for the effect to be — to. o the e gradua i 






















































the intracranial pressure whic € ted by osmosis, though doubtless 
th is delayed action prolongs the period of relief. i 


Ke . Æ * * 





i I would like finally to put the headache of intracranial tumour into the 
perspective in which I view it in common with the disorders of the other 
great systems of the body. Abdominal pains may be considered to be 
either of somatic. or of visceral origin, and Morley (1931) has emphasized _ 
the essential | ‘differences in character between these varieties of pain. 
— Somatic pain has usually a sharp and stabbing quality, is often continu ous 
and i is accurately localized. Visceral pain on the other hand, has a dis C 
tive dull quality which is difficult of description. It is often intermi it 
< or spasmodic, and in sharp contrast to somatic pais it is imperfectly 
. : localized. Such descriptions can be most aptly applied to the headaches 
ee under discussion, of which there are two varieties. Those infrequent head- 
aches in which a neuralgic element is prominent, and which were conceded 
ce to be possibly of dural origin, may be regarded as somatic pain. The 
common headache due to an intracranial tumour, to an epileptiform con- 
vulsion, or to an intracranial aneurysm, satisfies remarkably fully the 
criteria of visceral pain. 

Visceral pain is the manifestation in consciousness of a protective 
mechanism. In the presence of any obstruction of its lumen, the intestine 
undergoes violent muscular contractions in order to rid itself of the 
obstruction. Although the intestine is insensitive to ordinary physical 

stimuli, it is now fully accepted that visceral pain arises only as a result of. 
the adequate stimulus—an abnormal state of tension of the muscular walls: 
o the respiratory system, pain is almost entirely of somatic origin; the — 
visceral element has remained undeveloped, for the protective mechanism : 
consists of a cough reflex. In certain diseases of the heart, the cardio 
vascular system is guarded against the dangerous strain of effort by a 
mechanism which produces anginal pain. Using this simile, the integrity yo 
_ of the central nervous system depends entirely upon an adequate supply 
of blood. In the presence of a tumour, this supply of blood is in danger. 
- -Headache may be regarded as visceral pain, indicating the perilous position ” 
-of the brain, and a state of abnormal tension set up in the walls of its blood- 
ae vessels may be the adequate stimulus of visceral afferent fibres, the pathway 
_ of which is not yet clearly defined. ° y 
























SUMMARY. | 
(1) This paper presents a study ‘of the headaches provoked by intra 
l cranial tumours, with especial reference to the mechanism of the 
causation. | 









— The a at — cadens are duced: in an se light of the anatom : 
id physiology of the intracranial circulation, and of the physiology of — — 
e intracranial pressure. ; 2 J 
) It is concluded that the dura mater îs- not the sensitive structu è 
-which is responsible for the characteristic headaches of intracranial 1 tum g 

ao (6) It is suggested. that the headache is caused by an abnormal state of 
a a tension in the walls of the cerebral blood-vessels. re 
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“APHASIA” IN A PARTIAL DEAF-MUTE. 
BY MACDONALD CRITCHLEY. 








a eine an artidlé contributed to the first volume of this Journal, Hughlings.. 


_ Jackson (1878) wrote: “ No goubt, by disease of some part of the brain, 








the deaf-mute might lose his natural system of signs which are of some — 
-speech value to him.” The case here recorded, sixty years later, furnishes. F 
strong support to Jackson’s contention, although complete proof is sull o 
— wanting. , . — 
Preoccupation with verbalization as the most obvious modality aA 


ce language has diverted attention away from the non-verbal processes of 
3 speech. Obviously, spoken words are only one of several modes ofo 


“symbolic formulation and expression,’ and articulate speech is not 
— essential in making known one’s ideas or feelings. A tourist in a foreign. 
a country where the language is unfamiliar can contrive to make himself 
fairly well understood by calling upon the resources of gesticulation, just 
as he will manage to comprehend his entourage by studying their facial 
expressions and gestures. 

At the outset it is necessary to be precise in our terminology. As 
Jackson taught, the word “ pantomime,” which should be restricted to that’ 
variety of dumbshow which aims at expressing an idea, should be. dis- 

“tinguished from “gesture” which connotes those movements, especially- 
ef the hands and face, accompanying speech for the purpose of- 





o emphasis. Pantomime is silent acting while gesture is merely a kind of ae 
— italicized speech. The relationship of pantomime to gesture is that. of ——— 
“ propositionizing ” to emotional utterance. It must be remembered that i 


no sharp frontier divides gesture from pantomime—any more than g 
emotional from propositional speech—-and in some cases expressive | move- 
= ments can be assigned to either category. y 

: The term “ physiognomy ” serves to denote the play of facial emotional 
<= Movements, most of which are automatic rather than deliberate, and — 


- many of which are beyond the control of volition. This term also com. s 
_ prises the involuntary changes determined by emotional factors, mediated 


— chiefly by way of the autonomic nervous system. Such phenomena as 
blushing, pallor, shivering, sweating, horripilation belong here. i 
oo Clearly, even — speech is at times nothing but gesture renderec 

> audible. “This view is borne out by the occurrence, in analogous for 

















— omatopeic 
a the ‘sounds ‘themes 








p —F as an — ‘of shone ‘puccablebiolineual 4 pestures.. f ge —— 
ds: an i intimate connection between the phonetics of a word and its mean- | ; 
. The suggestion is that man originally expressed himself by gesture, 
‘as | he gesticulated with his hands, his tongue, lips and jaw muscles 
ollowed suit in a ridiculous fashion, undefstudying the action of the = 
ands. Later, movements of the j jaws and mouth actually supplanted. the Ss 
> manual gestures, when it was found the expiration of air through the oral a 
— cavities produced a wide range of audible mouth-gestures or voiced-speech.. —— 





UXPRESSIVE MOVEMENTS IN APHASIC PATIENTS. 


; In cases of aphasia due to focal cerebral lesions, the role of gesture and 
pantomime forms an interesting though neglected subject. It may be said 

_ in broad terms that articulate speech is usually affected far more severely 

than expressive movement. When the aphasic defect is slight the patient 
can usually communicate by signs in unmistakable manner, even though 
the right upper limb is powerless. The pantomime falls short of normal — 
standards however in respect of precision and range; this defect is asa — 
rule directly proportional to the degree of aphasia. In some instances of | 
total speechlessness with dementia, almost all power of expressing ideas 
and even feelings is — to this inability to communicate by signs and 
by words, the term “ asemasia ” was proposed by Hamilton. Hughlings 
Jackson (loc. cit.) recognized three grades of disordered function: (1) defect 
of speech ; (2) loss of speech, where the patient is practically inarticulate 
_and where pantomime is impaired ; and (3) loss of language, where panto- 
mime as well as speech is completely lost. 

Nevertheless, aphasic patients may occasionally betray exaggerated TF 
xpressive movements of all types. This feature may be noted at times in 
tients with. jargonaphasia. Recent conceptions, which follow Goldstein — 
; ees and others in studying disturbances of the “total 
ehaviour ” in aphasic patients, confirm this. According to Goldstein 
1936), patients with amnesic aphasia are persons acting in the world rather 
than thinking or speaking about the world, and in such, Spe move- 
ments may be excessive. 
















DEAF-MUTES. 





“There i is one set of circumstances in which gesture language entirely 


ousts verbalization from speech. In a deaf-mute articulate spe 



























imal, "e an r of pantomime becomes all-important. . Here, 
complex system of dactylology, with or without lip-reading, forms t ie 
usual channel for the ipterchange of ideas. E 
-The question arises as to whether or not there exists an anatomical 
substratum comparable with the normal “ zone of language ” in the left 
= hemisphere, and vulnerable to the usual morbid assaults. In other words, 
hether focal cerebral lesions can damage or destroy the execution of sigh 
lang. age by a deaf-mute as Jackson originally hinted. Pe Ge 
‘The following case-record @emonstrates that a left-sided cerebral lesion i 
can interfere with the pérformance of finger-spelling in a “ ‘ partial” (Le 
- acquired) deaf-mute :— — 





oW. H. H. a man aged 42 years, first attended my out-patient clinic at ‘the 
ah National Hospital, Queen Square, in 1930, on account of the effects of a stroke o 
sustained six weeks before. — 
-o ‘The patient was well until the age of 7 years when he gradually lost his hearing. 
- As his disability steadily increased, he was taught finger-spelling. By the age of 
14 years, being now stone-deaf, he was admitted to an institution for deaf-mutes. 
— Here he remained three years ; finger-speech was discouraged and he was taught 
 lip-reading. After. leaving the school he relied chiefly upon manual son and 

finger-speech to communicate with others. 

His stroke, which occurred on September 1, 1930, caused a right- sided paralysis, 
and for three days he was deprived of what little articulate speech had previously 
been possible to him. The paralysis improved considerably in the course of the - 
next four weeks, and his speech also returned to some degree. 

As soon as he was able to hold a pen, it was found that he could neither write 

“nor perform on paper simple arithmetical calculations. It was also discovered. that 
he could no longer lip-read. For the first few days after the stroke he was quite 
unable to understand people who communicated with him in finger-spelling. This 
__ ability returned in a few days, but he was still unable to reply upon his hands. His: 
‘articulate speech was — and considerably altered ; it was much too loud” 
_ in tone, and he seemed “ unable to regulate ” his voice, so that when he wanted = ooo 
to emphasize a word, he merely raised his voice to a shout. The speech was further: = => 
more dysarthric and ungrammatical ; he seemed to rely very little indeed “pen Ea 
=< this means of communication. | 

He remained under observation for the next two years, during which time his 

„condition changed little, if at all. — 
Repeated physical examination revealed a right-sided ene pues no 
-hemianopia ; no loss of power in the arm or leg but a slight right-sided weakness. 

of the face and tongue. The tendon-jerks were equal on the two sides and both 
plantar responses were flexor in type. No evidence of apraxia. 

= Investigations of the patient's aphasia werg carried out through the intermediary — 

— of the late Rev. Mr. Bradbury, chaplain to the deaf and dumb institution, who acted * 
- as Interpreter. 

Some ability to lip-read was beginning to appear, but the defect was still very 
-. considerable. The power — to understand others talking upon their hands had 
returned. | 
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nd (©) His inger sp 
6) If asked to indicate the five vowels he started: correctly but was unable t 
finish. When asked to go through the alphabet he was at times unable to com- 7 
i ~ plete t the task. | 





| (4) The movements of the hands were manifest erratic and jerky ; “ there is no — 

| smoothness about them.” Possibly they were executed more slowly than usual, but 

-< -the patient and the interpreter were not in agreement upon this point. According. T 

to the former . . . “my deaf friends say I go too quickly and that if I were to —— 
0 more slowly I would get along better.” 








6) Words were omitted, and wrong words were used. 
` Tests with writing, recognition of colours, clock-reading, word-building with cards, 
ne ‘typing, and reading were executed pretty well on the whole. Calculations were 
“carried out with some difficulty, 


— Here then is a partial deaf-mute who as the result of a left-sided cerebral 
— lesion, presumably small and circumscribed in area, developed an 
“aphasia ” as regards his dominant method of symbolic expression. Such 
a case recalls the idea at one time held by Liepmann that motor aphasia 
= Isa mere variant of motor apraxia (“ apraxia of the lips and tongue ”) and 2 
- this particular case might perhaps be regarded by some as an instance of = 
‘dactylological apraxia.” The specialized use of the hands as organs of 
speech in the case of deaf-mutes, lends support to Liepmann’s view. 
The literature holds no record of any other such case. Closest in 
approximation is the description by Grasset (1896) of another deaf-mute 
who lost his ability to make hand-signs after a cerebral vascular lesion. 
The patient, an arteriopathic deaf-mute of 50 years, rather gradually 
developed signs of a cerebral softening. There was some lowering of the _ 
general intellectual level, so that he had ceased to be able to manage. his- i J 
business, and his memory and rate of comprehension had deteriorated. 
Jevertheless, he was able to read with understanding, and also to compre- vee 
nd finger-talk i in others. He was, however, unable to reply. with the right- : 
ger — but — ap s0 — with the left hand. R 

















then — more e diffculty ie ” B, a ‘and then failed to o sign the 

Using the left hand he could demonstrate the alphabet 
apidly — If shown printed words and told to spell them on | 
oh ; fingers, he succeeded with his left hand but failed with his right. A By 
the same time there was a difficulty in writing. The right arm sh W 
























te defect of motor power and of co-ordination, though insufficient in 
gree to account for the failure to write or to finger-spell. es 
In this patient, however, the finger-spelling had always been carried out 
with the right hand only—-as is the rule with deaf-mutes in France and 
the U.S.A. After the stroke, the patient was able to perform finger-spellin 
_ correctly with the left hand, though scarcely at all with the right. ‘Suc 
an inconsistency plainly reveals a different kind of speech affection tha 
_ Was present in my case, and is best recognized as an example of apraxi: 
or possibly of finger-agnosia®(Gerstmann’s syndrome). An integrity of a 
_ the preverbal processes which may loosely be described as “internal 
speech ” seems to have been present in Grasset’s case, but not in the cas 
here recorded. . ES 
2 Grasset concluded that in the deaf-mute, a centre for manual speech : 
— develops in the cortex, independent of the motor area of the upper limb. 
_ He tentatively located this in the foot of the second frontal convolution 
- -of the left hemisphere. | 
In discussing the language of deaf-mutes it is necessary to draw atten- 
tion to a very important though little known fact. Congenital deaf-mutes 
universally employ in addition to their complicated uni- or bimanual 
dactylology or finger-spelling, a kind of “ natural sign-language.” This is a 
sort of pantomimic shorthand, whereby a movement serves to indicate an : 
entire word, a phrase, or even a sentence. The “ natural ” sign-language is- 
hot necessarily taught in schools (indeed its use may actually be dis- 
couraged). It is not committed to textbooks, and there are only a very 
few and rather inaccessible pamphlets on the subject. It is mainly “ picked- 
up” by deaf-mutes in their institutions and passed on from one to another 
asa sort of tradition. Bo 
A number of interesting features are traceable in this sign language. In a 
~~ addition to its inherent advantages of rapid execution it possesses yet 
another outstanding merit. The natural sign-language is largely “inter- 
national ” and surmounts racial and linguistic barriers. Deaf-mutes of all 
nationalities have little difficulty in understanding and communicating 
with each other. . | — 
De. This universal comprehensibility follows because most of the gestures | 
are obvious in their meaning, and represent a symbolism which is. _ 
< universally accepted and employed. These symbols belong to the category 
© of “natural” signs, either because they mimic the specific appearance or 
== function of the object concerned or because they are so traditional and _ 
© ingrained as to be obvious to peoples of every race and age. In addition — 
to these “natural” or “ instinctive ” gestures, there are a smaller numbe: 
of “cryptogenetic ” symbols where the meaning and origin are n 


















* There are still other circumstances where gesture language usurps— 


— - cder habitually or on occasion—the place of articulate speech. In some 







primitive societies, gesture may constitute a lingua franca between peoples T 

| speaking divers languages which are unfamihar. Such sign-languages exist A ae 
amongst the Queensland aborigines (Howitt (1891), Roth (1897), Stirling; o = 
and among the North American Indians (Seton (1918), Tomkins (1926) — — 
These have been adequately studied and documented. So similar are they — — 
to each other, and "also to the natural sign- language of deaf-mutes, that 

they are mutually comprehensible. Many of the signs are identical and 
ethers so little different as to cause no doubt as to their meaning. These 

Pe are striking observations which have been confirmed by various writers on 

many occasions. 

: It is not yet known whether a far-reaching likeness exists between these 
systems and the various other elaborate sign-languages which are prac- 
~tised. Although studies have been made of the gestures employed in the 
Hung Secret Societies of China (Ward); the Neapolitan slums (de Jorio): 
the Trappist and other monastic orders (Herrgot ; Aungier), no work of a. 

comparative character has been attempted. A superficial study suggests 

that there-is but little similarity between these systems and the “ natural” 

sign-languages of the deaf-mutes and the aborigines. The factors of ritual 

and of secrecy no doubt go far to obscure the meaning of the other sign- 

languages and introduce an element of artificiality. 

In the case of the deaf-mute patient described in this paper, the 

“natural” sign- language was not impaired. The circumstances were 
unusual, however, in that he had never been proficient in this means of 







- a communication and preferred lip-reading or finger-spelling. This may be x 







ascribed to.a variety of reasons, and especially to the fact that hearing: was : ae 
intact for the first few years of life, during which period articulate speech x: eae 








- a . -developed normally. For this-reason the patient cannot be regarded as an — 
ae example of “complete ” or congenital deaf-mutism. Hughlings Jackson’s 





surmise therefore remains unverified inasmuch as it explicitly referred 


a toa natural system. of signs and not to finger-spelling. It is justifiable to 
suggest that a much more severe lesion would be required to abolish the 


r more primitive sign language than the elaborate —— of 
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INTRODUCTION. 


_. From time to time occasional reports of cases, characterized patho- - 
n logically by a diffuse cellular overgrowth throughout the wide areas of the 
- cerebral hemispheres, have appeared in the literature. These have generally — 
been regarded as diffuse tumours, but they have varied considerably as — 
regards the actual type of the cell constituting the overgrowth and they 
have been described by the different authors under different titles. 
> In 1910 Landau, under the title “ Diffuse Glioma of the Brain,” 
described the case of a male, aged 29, who died suddenly after a three 
years’ history of intermittent headaches and epileptic attacks. The patient 
_ showed no physical: signs apart from an. intention tremor of the left arm 
= and leg, a and a lige — of the left eye. la —— there was s found a ae A 












rve cell and "dod ie — T kee. was —— of ~~ — — 
f essels and i in the nerve cells. The author r considered the condition as 








i From the Hospital for Nervous Diseases, Maida y ale, 































diffuse — we T arisen at P points in a congenital: 
‘abnormal tissue, and had spread by continual involvement of ether regions 
in the pathological process. Hildebrandt (1906), under the title of 
a ‘Gliomatous Hypertrophy ” of the right cerebral hemisphere, and 
Schwartz and Klatfer (1927), under the title of “ Diffuse systematic. 
; ‘overgrowth of the glial apparatus of the brain,” have recorded somewhat 
<` similar cases. ‘ 
Cassirer and Lewy (1923) described the case of a woman- age 
SES “37, who, after a nine months’ history of failure of vision. ane 
l ` epileptic attacks, died following an operation for relief of increased. intra- 
cranial pressure. At autopsy the right hemisphere was found to be swol . e 
and of slightly increased consistency. Sections showed large areas 
demyelinization in the right cerebral hemisphere, whieh had arisen as the : 
result of a mature glioma. This in its centre had produced ‘mostly fibres, SS : 
hut in its periphery it was very cellular and grew in a fingerlike manner — 
into the cortex and even through this into the pia. The author regarded 
— the case as exemplifying a blastomatous type of diffuse sclerosis. 
-< More recently Foerster (1934) has described, under the title “ Central 
: ‘Diffuse Schwannosis ” in Von Recklinghausen’s disease, the case of a girl, 
aged 11, who within a period of six weeks developed severe headaches, loss 
of vision, and weakness of the left side. The patient had skin changes as = 
in Von Recklinghausen’s disease, namely numerous pigmented spots and _ 
small isolated fibromata on the trunk and limbs. Death occurred with | 
symptoms of increased intracranial pressure. At autopsy there was found 
a great enlargement of the basal ganglia and thalamus on both sides. 
‘There was also diffuse swelling of the brain stem. Microscopical examina- 
tion showed a dense cellular overgrowth in these regions composed of = 
elongated, cigarette-like nuclei, which were arranged parallel to one another _ — 
along the nerve fibre bundles. These cells were also found over wide areas 
of the cortex, but less densely placed except underneath the pia and along — 
the blood-vessels. Santha (1935-36) has described a similar case under a- 
- similar title, which, however, showed no skin changes or other evidence of 
Von Recklinghausen’s disease. — F 
ce It is proposed in the following paper to describe three cases with similar & 
= pathological features, and to discuss the questions raised in reference tds 
this group of cases. pO 


e — 

— Case 1.—-Clinical history: E.R.P., a married woman, aged 23, was admitted to the 

< Hospital for Nervous Diseases, Maida Vale, March 25, 1936, under Dr. Blake 
Pritchard. | 

The family history was negative. She had been married a year and had no 

child. She was in her usual health until ten months before admission to hosp 7 
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when she began to suffer from headaches, failing memory, and attacks of Joss of 
consciousness, All these symptoms appeared at about the same time, and led to 
an immediate cessation of her work as a waitress. The attacks were uniform in 
character ; she stopped what she was doing, stared vacagtly in front of her, and 
except for slight flickering of the fingers was motionless. The attacks varied in 
frequency from as many as seven a day to a day of freedom. Headache followed 
the attacks, but soon began to come at other times and more frequently as the 
illness progressed. She was easily excited, complained of her poor memory for 
recent events, but continued her housework up to the date of admission to 
hospital. 

On examination she was found to be mentally®dull, apathetic and slow in move- 
ments, of notably defective memory, especially for recent events, but able to 





Fic. |. Case /.—Vertical section through the brain (anterior view) showing the 
enlargement and pallor of the thalami, the enlargement of the hippocampus, and 
the pallor and widening of the cerebral cortex in circumscribed areas. 


co-operate moderately well in her examination. She showed no disorientation. The 
speech function was normal. There was bilateral papillædema of about 4-5p, In 
other respects physical examination was wholly negative; the reflexes, sensation, 
and the motor system all being normal. The cerebrospinal fluid was under a 
pressure of over 300 mm., but was normal in all respects. The Wassermann was 
negative in the blood and cerebrospinal fluid. The lumber puncture led to symptoms 
of a cerebellar pressure cone. Ventriculography by Mr. McKissock showed general 
narrowing of the bodies of both ventricles, but the patient died before a right 
temporal decompression could be perfogmed. 

Post-mortem examination.—The brain only was available for examination. It 
weighed 1,340 grm., and of this the cerebral hemispheres weighed 1,190 grm. A 
large cerebellar pressure cone was present, and the convolutions were slightly 
flattened. The cortex of the under surface of frontal and anterior temporal lobes 
was granular and irregular, and from it the arachnoid and blood-vessels stripped 





less 
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silyį than normal. In places the granulations were so coarse that they over- 
lapped branches of the middle cerebral artery, and generally the blood-vessels 
indented the cortical surface, leaving their pattern imprinted thereon when 


o «removed. This abnormal granularity extended into the island of Reil and along. 
<o othe margins of the posterior ramus of the Sylvian fissure and also along the 
_ cingulate gyrus. It was symmetrical in its distribution in the two hemispheres, 









The brain was sectioned vertically, revealing a diffuse pathological change 
throughout the greater part of the cerebral hemispheres (fig. 1). The thalami were. 


i -generally enlarged, pale, and firmer than normal, causing narrowing of the lateral _ : 
entricles, and flattening of the hippocampus and hippocampal gyri. The massa _ 


-intermedia way also enlarged hd firm. In the cerebral cortex there was pallor. 


and- enlargement of the grey matter, with consequent loss of contrast. between. — 
it and the white matter, and the distribution of these changes corresponded closely. ee 
with that of the surface granulation already described. They were, however, “most” —— 


severe in the anterior parts of the temporal lobes, where the cerebral tissue as a | 
whole was softer than normal, and the fissures increased in depth. The caudate ando 
lenticular nuclei appeared normal to the naked eye except that the under part _ 
of the left caudate nucleus in its anterior part was paler, larger and softer than o 
“normal. The upper part of the mid-brain was also similarly involved, but the pons - 


. medulla and cerebellum and the walls of the ventricles showed no abnormality to 
the ‘naked eye. 





Microscopical examination revealed a diffuse and very symmetrical cellular 
overgrowth throughout wide areas of the cerebral hemispheres. This was associated 
with a varying new formation of glial fibres and secondary changes in the essential 
nervous elements, which were, however, slight in comparison to the degree of the- 
new cell formation. The detailed changes will now be described, first in the. 
thalamus, then in the anterior region of the temporal lobes, after which their 
distribution throughout the cerebral hemispheres and brain stem will be followed. 

Thalamus.—In the thalamus the new growth was formed by cells with round, 
oval, and also elongated nuclei whose size and granular chromatin structure~ in 
general resembled that of neuroglial nuclei. There was considerable variation in 
the density of the chromatin network ; the nuclear membrane was well defined, and 
“no cell body was seen with ordinary nuclear staining. There were all variations in 





shape between completely round and pure rod-like nuclear forms, but oval and 


smoothly elongated forms predominated, and alterations in the thickness of the 
latter along their length produced bizarre nuclear shapes. The cellular overgrowth 
was fairly evenly and diffusely spread throughout the thalamus, but it was con- 
densed around the medium-sized blood-vessels where strands of elongated nuclei 
were found running parallel to their long axis. There was also irregular clumping 
‘of nuclei round the nerve cells. | 
A great overgrowth of neuroglial fibres accompanied the new cell formation. 

This formed a dense network throughout the whole thalamus, with striking conden- 
sations along the blood-vessels, either parallel or more irregularly arranged. There 


owas enlargement of the perivascular spaces, and in places the adventitia of- the a 


vessels was adherent to the surrounding’ gliosis, while glia-like cells were found 
J infiltrating the outer vessel coats. Hzmorrhages into the outer layers of the vessel 
sheaths, between the vessel and the surrounding brain tissue, and sometimes within. 
the latter, were frequently observed. : 

It was found very difficult to stain the cells of the new growth by impregnatic 















“more ‘dosely. resemble d `ynatüte —— The megla shaped astrocytes appea 





to be transition: stages ‘between the spongioblasts and the more mature astrocytes + — 
aooo wall cells: the nuclei were darkly granular and heavily impregnated (fig. 2a). 








— ° — 
= o Thi cellular and neuroglial overgrowth did not produce severe alteration in the 


a essential nervous elements of the thalamus. There was no gross reduction in the num- 
ber of the nerve cells but they appeared more widely separated than normal and con- 


tained a few large droplets of fat which stained reddish yellow with Scharlach R. In. 
myelin preparations the internal capsule was darkly stained and the thalamus was 

—— only. slightly paler than normal, and these also showed that the cellular overgrowth 
uF “round the blood-vessels gave rise to the displacement of the myelinated. fibres 


| adjacent to the vessels as is illustrated in fig. 3. 

“Anterior temporal lobe.--In this region the changes were typical of those 
affecting wide areas of the cerebral cortex. The density of the cellular overgrowth 
was greatest. underneath the pia (fig. 4), where bundles of elongated or oval nuclei 


lying in a fibrillar matrix were placed either in a horizontal, vertical or oblique oe 
© direction.. The arrangement was not always regular, and masses of cells intex 
mingled with the strand-like bundles produced a very varied appearance. The over- — 

growth extended upwards underneath the pia, forming nodular or wart-like elevations, 


ene of the molecular layer and throughout the cellular layers of the cortex the. over- 





completely. irregular i in shape and form, on the cortical surface. In many places it 
had broken through this membrane, and become adherent to the outer wall of the 
vessels. These were the microscopical appearances corresponding to the granularity 
of the cortex observable by the naked eye. Hzamorrhages had occurred into the 
thickened leptomeninges and between the pia and the cortex. In the deeper parts 


— diffuse and irregular. In some places, however, the nuclei were clumped 
| the | nerve — and ——— strands were Po from the subpial zone 





the medulla a (Bs. 9 3 a eee 
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To illustrate paper by Samuel Nevin. 


PLATE VI. 





To illustrate paper by Samuel Nevin. 













oxergrowth was a very | se op 
better with iron hematoxylin than w ith v victoria blue, ‘and unipolar, $ 






as “the : p 


-which stain 








X.: © the: 2 b. aud 3. Bipolar forme ee in “the —— aa along 
blood-vessels. In the subcortical white matter the gliosis was a fine dense. nel 
staining | darkly wih victoria blue, and the cells were mainly astrocytic wi i 
| and: e variation in the fibre oo in th 








ing of thie ‘processes of * bipolar eee ee 
“his new growth | resulted irꝰ considerable loss of nerve cells, — 
granular cells. There was alteration and distortion in the arrangement 
remaining, so that the cortical layers were not recognizable in the areas of gre 
< o growth (fig. 6). The residual nerve cells were lying at all angles to the. surfa 
_ the cortex, some even being actually reversed in position, and the dendrites also 
— shared in the distortion, being curved in unusual manners. Such cells were more Be 
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Fic. 9. Case /—Diagram sf ow ing the distribution of the cellular overgrowth: 
in the cortex. : 


© fusiform than normal, and they contained small accumulations of fat, staining 
reddish yellow with Scharlach R at the base of the cell or extending round the. 
~ nucleus. There was also degeneration of the myelinated fibres in the cortex and 
> subcortical white matter, but the tangential fibres even in the most affected areas 
eee were still to be seen, although widely separated amidst the cellular overgrowth. — 
General Distribution of the Microscopical Changes.—The severe cortical changes, a 
b “leäding to gross distortion of the nerve cell layers, were confined to a small area of- | 
the anterior and medial aspect of the temporal lobes. The more widespread changes, 
the distribution of which is illustrated in fig. 9, were less severe. Although there 
was still considerable loss of nerve cells the cortical layers were still recognizable, 
© and the diffuse overgrowth in the deeper parts of the cortex was in striking con- — 
trast to the dense subpial infiltration (fig. 7). The changes gradually diminished 
towards the normal cortex, where the subpial overgrowth became reduced to a layer | 
© a few cells thick and there was only a glight excess of irregular and elongated — 
neuroglial cells in the deeper layers. | 
The new growth spread from the affected cortical areas through the basal ganglia, 
and was continuous with that in the thalamus. It was, however, much less in the 
basal ganglia, and the gliosis was greater in the fibre bundles and internal capsule 
than in the grey matter. The optic chiasma was intensely gliosed and heret 











nas : of — were “found running ; 
u dles and spreading as an open network —— rougl ure, =. 
The margin of the mid-brain was encircled bya slight subpial ‘overgrowth, while theo 








| I -dorsal part of this structure contained a diffuse cellular ang glial proliferation. This 
darsal infiltration extended down the pons and medulla to the upper part of the 
— ~~ spinal: cord where slight changes were found in the grey matter, especially in the 


_ posterior intramedullary root zone. The general structure of the cerebellum was 


* normal, but occasional foci of subpial overgrowth similar to that seen in the cerebral 


cortex were found on the anterior and inferior surface (fig. 8). The fourth nerve 
was sectioned at the side of the mid-brain, and showed definite involvement of the _ 
nerve by bundles of new cell formation, intensely fibrillar, and staining with 
neuroglial stains similar to the subpial overgrowth. This seemed to have gro ee 
from the brain stem out into the nerve. A similar appearance was observed at the 
junction of the upper posterior cervical roots with the spinal cord. | 






° Summary of Case 1. 

The case was characterized clinically by symptoms of gradually increas- 
ing intracranial pressure associated with general mental dullness, marked 
failure of memory, and epileptic attacks. 

The pathological process consisted in a new growth of spongioblasts 
and astrocytes, irregular and variable in size, shape, and form, throughout 
wide areas of the cerebral cortex, the basal ganglia, thalamus and upper 
part of the brain stem. This new growth was implanted on the normal 
structure of the nervous system, and produced comparatively slight 
secondary changes in the essential nervous elements. The distribution of 
the cellular overgrowth was not completely irregular, but bore a definite 
relationship to the normal structure of the nervous system. In the cortex 
it was greatest underneath the pia mater, where the predominant type of 
cell was a bipolar spongioblast with dense fibre formation. In the cellular 
layers of the cortex the overgrowth was more diffuse and less densely 
arranged. The cells were spongioblasts and astrocytes in irregular arrange- 
ment, and the fibre formation was a coarse, wide open network difficult 
to stain. The subcortical zone of the white matter was more affected. than — 
the deeper parts of the white matter, and here the growth was s mainly — 


R. astrocytic, with a dense fine glial network. In the thalamus a spongioblastic | — 


and astrocytic growth with dense fibre formation was present. 


Case 2o—Cloucal History: H. S., an unmarried woman, aged 54, was admitted 
to the Hospital for Nervous Diseases, Maida Vale, September 12, 1936, under 
Dr, Russell Brain. 

The family history was negative. The patient had been subject to epilepsy 
all her life. The attacks were infrequent and mostly minor im character, but from 
time to time major attacks occurred. She was in her usual health up to four 
years before admission to hospital, when it was observed that she was losing her 
initiative and her interest in life generally. A year later these symptoms were more 
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kd 
obvious, and she had become completely self-centred and emotionally unstable. 
The advance of the illness continued to be slow up to six months before her death, 
when a rapid change for the worse took place. The patients mental state 
deteriorated rapidly. She became completely apathetic, with no inclination to 
do anything but feed herself, and she also became incontinent of urine and fæces, 
and at times hid her excreta under the cushions and the piano. Failure of memory, 
according to the relations, was not an outstanding feature, although it was un- 
doubtedly present with the gross mental deterioration. About this time progressive 
weakness of the right arm and leg was first noticed. She was admitted to hospital 
in a very drowsy and stuporose state, from which she could just be roused. Early 
papillædema was present in bot& eyes, greater on the right side. There were 
extensive areas of pigmentation on the neck and upper limbs, similar to the 





Fic. 10. Case 2.—Vertical section through the brain showing the enlargement 
of the left hemisphere, the severe changes round the left cingulate sulcus, the loss 
of contrast between the grev and white matter, and the honevcombing of the white 
matter. 


cutaneous pigmentation of Von Recklinghausen’s disease. There was complete 
right-sided flaccid hemiplegia, The cerebrospinal fluid was not examined, and X-rays 
of the skull were not taken. She gradually became unconscious, and died twenty- 
four hours after admission to hospital. | 
Post-mortem examination.—The brain only was available for examination. A 
small firm greyish-white tumour, about the size of a hazel nut, was present in the 
suprapituitary region posterior to the stalk of the pituitary. The brain weighed 
1,093 grm., and of this the cerebral hemispheres weighed 957 grm. The left 
cerebral hemisphere forwards from the fissure of Rolando was larger than the right. 
There was a moderate cerebellar pressure cone, and a herniation of the uncus on 
both sides, that on the left side being larger, and also somewhat rough and 
nodular. The cortex on the under surface of the frontal lobes, especially on the 





the left Sylvian fissure he a — a — one yoy a half aches irori its 
commencement, Similar areas of discoloration, only dat ker, were found on the 
left middle frontal convolution about its centre, and on he anterior part of the 
- medial aspect of the superior frontal convolution. 


7 The brain was sectioned vertically, and this revealed a diffuse pathological SEAE 
-change throughout wide areas of the anterior parts of the hemispheres (fig. 10} 


consisting in increased depth of the cerebral cortex, loss of normal contrast between 
the grey and white matter, and a honeycombed appearance of the subcortical white 
matter. The anterior part of the left cingulate sulcus was greatly increased in 
depth, and the surrounding grey matter was two to three times its normal width, 
It was also paler and softer than normal, and had a somewhat translucent appear- 
ance. In the grey matter at the foot of the sulcus, and about the level of the genu 
of the corpus callagum there was a small area of darker discoloration, which 
felt gritty to the touch owing to foci of calcification. The subjacent white manner 
was somewhat dark, and in one or two places irregular fissures had appeared in 
the tissue. ! 

Similar, only less severe, changes were present over the whole inferior and 
medial surface of the left frontal lobe. They extended backwards involving the 
anterior part of the temporal lobe, the island of Reil, and the margins of the 
posterior ramus of the Sylvian fissure, which were adherent to one another. In 
these areas the underlying white matter had a honeycombed appearance, 
especially in the subcortical zone. Where this appearance of the white matter 
was most marked the pallor of the grey matter was greatest, and in 
such areas the line of demarcation between these structures was not. visible. 
In the right hemisphere the changes were much less extensive and confined to` 
a small area round. the anterior part of the cingulate sulcus, and in the anterior 


`> part of the temporal lobe. The basal ganglia were normal in appearance apart 


from slight pallor of the antero-lateral parts of the left lenticular and caudate nuclei, 

“The anterior part of the corpus callosum was broader than normal, causing some 
< outward and downward displacement of the anterior horns of the ventricles. No 
changes to the naked eye were visible in the thalamus or posterior part of the 
hemispheres, nor in the cerebellum or brain stem, 

Microscopical Examination revealed that the naked eye pathological changes 
were produced by a diffuse cellular overgrowth throughout wide areas of the 
cerebral hemispheres. This will be described in detail in sections taken from the 
medial aspect of the left frontal lobe, and the distribution of the changes throughout : 


— — hemispheres will then be followed. 





— Left Frontal Lobe—In the grey matter surrounding the anterior aspect of the 
cingulate sulcus a dense cellular overgrowth, composed of cells with round, oval 
and irregular-shaped nuclei, extended from the surface to the subcortical white 
matter and obliterated practically entirely all traces of the normal cortical structure, 
- The nuclei were darkly granular, varied, much in size and shape, and no cell body 





was seen with: ordinary stains. Underneath some parts of the cortex fibrillar bundles 





of elongated nuclei were seen running parallel to the surface and intermingling with 


= fibrous tissue growth from the leptomeninges, while in other parts dense masses of 


rounder nuclei projected from the surface in small nodes, Here and there foci of 
diffuse hemorrhage were present and the blood-vessels were adherent to the cortex 
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and their outer walls infiltrated with cells from the surface overgrowth. The mole- 
culer zone was filled with masses of more or less rounded nuclei, but in the cellular 
layers the new-formed cells were more evenly arranged throughout the tissue. 
Occasionally they occurred in clumps of three or four, or in short chains. Amitotic 
division could be seen ewith the formation of two very unequal nuclei. They 
practically filled the whole field, but isolated nerve cells were found throughout the 
whole depth of the cortex (fig. 12). The capillaries were very congested, and 
irregular masses of calcification were found in relation to the small blood-vessels, 
the walls of which showed fibrous thickening and endothelial proliferation. In the 
subcortical white matter the nuglei were smaller and rounder and very evenly 


arranged, 
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Fic. 11. Case 2—Camera lucida creng rom a preparation of the grey matter 
beneath the left cingulate sulcus stained by Hortega’s silver carbonate method for- 
astrocytes. The varied size and shape of the astrocytic and spongioblastic cells are 
illustrated. 


Impregnation by Hortega’s silver carbonate method for astrocytes revealed the 
neuroglial origin of the new growth and all varieties of cells from immature spongio- 
blasts to fully developed astrocytes were found. In the cellular layers of the cortex 
there were numerous large astrocytes of varying shape and form with large proto- 
plasmic body and long coarse processes, and also large bipolar cells with terminal 
processes. These cells formed, however, only a small part of the overgrowth, because 
in the meshes of the fibrillar network formed by their processes lay numerous small 
unipolar and bipolar spongioblastic cells. Some of these showed a very sharply 
outlined cell body with fine terminal processes, but the majority showed a lightly 
stained body, with a coarse and faint cell process which could not be traced very 
far from the parent cell body. Many of the nuclei, however, showed no recognizable 








was not, however, uni 







| ORIGINAL ARTICLES AND 


ells- { a The appearance” 
: iform throughout the whole depth of the cortex. In the sub- 
` pial zone there were more numerous mature spongioblasts and astrocytes of medium 
size with long thick processes extending into the deeper parts of the molecular layer, 
while in the white matter small astrocytes predominated. T he victoria blue stain 
for neuroglial fibres reflected the difference in cellular forms in the different cortical 
layers. A dense marginal gliosis of varying thickness filled the outer part of the 
molecular layer from which long thick processes extended inwards. In the cortex — 
itself there was only an open network of thick pale fibres except along the small 
blood-vessels where parallel bundles of fine dark fibres were present (fig. 13). In 
the subcortical white matter, however, the gliosis “was a dense fine network, with. 
special condensations round the blood-vessels, so that there was a striking contrast 
between the glial formation in the grey and white matter (fig. 14). 

The cellular overgrowth just described led<to considerable but not complete 
destruction of the essgntial nervous elements. Myelin stains showed pallor of the 
subcortical zone, but isolated fibres with varicosities on their course occurred 
regularly in the midst of the dense cellular overgrowth. Also in the cortex frag- 
ments of. the vertical and horizontal fibres were still to be seen. Residual nerve 
cells, mostly the large pyramidal cells, were also found regularly throughout the 
cortical layers. In most of these no Nissl granules were seen, but a greenish 
granular appearance of the protoplasm was present, due to lipoid accumulations 
in the cells at one or other pole, or right round the nucleus. This stained reddish 
with Scarlach R. Some of the pyramidal cells had become rounded or fusiform, and 
elongated in a direction vertical to the cortical surface, while in some the dendrites 
were twisted and curved in unusual manners. 


it body, most likely owing to the. immaturity ‘of ‘the 








The Microscopical Distribution of the Cellular Overgrowth. * 
This was much greater than the area of macroscopical change. On the left 


nv side the new growth was most severe round a line drawn from the cingulate gyrus 





to the island of Reil, and except for the region round the Sylvian fissure the medial 
areas of the hemisphere were more severely involved than the: lateral. The 
entire. frontal lobe. was more. or less involved, but in the parietal and 
temporal lobes the changes gradually disappeared posteriorly so that they were 
restricted at the termination of the Sylvian fissure to a small area of the upper 
margin of the fissure. In the anterior and medial aspects of the left temporal lobe 
the new growth was widespread and intense. In the right hemisphere it was much 
less extensive and more closely confined to the area of macroscopic change. There- 





were no definite changes in the thalami, but the upper part of the brain-stem- waso o 


2 „involved round the central canal. 





. change were found, from an area of the cortex where only a few remaining. nerve | 
cells and fibres were present in the midst of a dense new cell formation, to an area 
where the structure of the cortex appeared normal and only a few pathological cells 

were scattered around ‘and between the nerve cells, A characteristic feature in the 

C less affected areas was the clumping of small-sized astrocytes and spongioblasts 

around the nerve cells {fig. 15). 

_ Even in the less affected areas the subjacent white matter generally showed intense 
gliosis, and this was especially marked on the medial surface of the right frontal lobe, 


In following the distribution of the new growth, all degrees of pathological = J 


where there was not, however, a corresponding degree: of demyelinization. In the left 





PLATE VII, 





Fic. 15. 


14. 


FG. 





To illustrate paper by Samuel Nevin. 








‘GLIOMATOSIS CEREBRI 181 
hemisphere the gliosis i in the white matter- bed spread widely throughout the anterior 
two-thirds of the hemisphere, producing demyelinization, and oval and elongated 
fissures occurred in the sclerosed tissue. This cavitation was the cause of the 
honeycombed appearanca in the brain observable with the naked eye. These cavities 
_ sometimes contained vascular channels consisting only of an endothelial lining and 


a fibrous tissue coat which varied very much in thickness, and was in some places 





adherent to the glial margin of the cavity. In the anterior part of the left temporal 


0 lobe the gliosis in the white matter was very intense, so that in some places it spread 


— outwards into the cellular layers of the cortex as a dense network. The adherence - 





— of the cortical margins of the Sylvian fissure was produced by densely fibrillar and * 
-o cellular bundles passing in all directions round the Sylvian vessels, uniting these > 
to each other and to the cortex. Below the fissure, despite the continuity of tissue, es 
‘the overgrowth was slight in comparison with that in the superior margin. o 
The dense gliosis of the white matter of the left frontal lobe stopped abruptly a 


vat the margin of the caudate and lenticular nuclei. In these structures which > 


showed a moderate cellular overgrowth the gliosis was a loose open network, with 
fibrillar accumulations along the small blood-vessels exactly similar to the condition 


already described in the cortex of the anterior part of the cingulate gyrus. Also, 
in the anterior part of the internal capsule, the anterior commissure, the optic 
= chiasma and the fornix, the fibrillar nature of the new growth was in striking 
contrast to that found in the adjacent cellular areas of the nervous system. There 
“was no demyelinization in these structures. 


‘The walls of the anterior parts of the lateral ventricles were intact, but they 
‘were surrounded by a thick gliosis, which was irregularly cellular, and contained 
large accumulations of ependymal cells and numerous corpora amylacea., 

The overgrowth in the brain stem spread outwards from the central canal and. 
affected the dorsal part of the mid-brain. It was intensely fibrillar and piloid 
masses of glial fibres projected into the lumen of the canal. There was also marginal 
gliosis round the medulla and upper part of the spinal cord. In these latter areas 
the neuroglial nuclei showed greater variation in size and shape than normal, but 
there was no definite increase. 

In the posterior parts of the cerebral hemispheres, clearly uninvolved in the 
general overgrowth, foci of marginal gliosis were found in different places associated 
with, groups of neuroglial cells in the subjacent molecular layer. The neuroglia in 
the cellular layers did not appear increased, but the variation in shape and form of 
the astrocytes appeared greater than normal, while in the white matter perivascular 
< foci of neuroglial cells were sometimes found. 


Focus of Anaplastic Tumour Formation in the left frontal lobe. 

In the white matter underneath the superior frontal sulcus, anterior to the genu 
of the corpus callosum, an oval area of complete demyelinization three millimetres 
wide and six millimetres broad was found. ` The anteroposterior length of the area 
was not determined, but it was not much more extensive than the breadth. This 
was caused by a new growth of elongated, bipolar or pyramidal cells with round 
or oval nuclei arranged irregularly or in a radiating manner round the blood-vessels. 
Lightly-stained cell processes connected with the thin fibrous tissue sheath of the 
vessel walls, but not other cell processes or neuroglial fibres were stained (fig. 16). 








This focus of cellular overgrowth, which could be classified as a spongioblastoma —— — > 


multiforme, was quite distinct from the more widespread’ changes because it had 
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J the tumour bor pn ia any, — to — L ils, mature or undeveloped, 













and were stained to some extent by iron hema toxylin and van Gieson, and 
Davenport’s silver stain, while the cells forming the- general overgrowth were 
unstained by these methods, and their derivation from neéuroglial cells was eet 


Developmental abnormalities and general changes in the nerve cells. 






— D 5 blood a wang, = — 
t ‘of origin. The cells in 


In the white matter underneath the calcarine fissure there was a slit-like cavity 


_ lined by ependymal cells surrounded by a mass of dense gliosis. Also in the upper 
part of ‘the spinal cord the anterior fissure was abs@nt over the first cervical segment, _ 


so that nerve cells were found underneath the anterior surface, and the anterior o 
columns were spread over the lateral surface of the cord, At this level there: was a 


also cavitation along the posterior septum, 

The nerve cells in the thalamus, brain stem and uninvolved areas of the cortex 
very frequently showed fatty accumulations in one part or other of the cell body. 
The significance of this pathological change was not clear. It was also very difficult 
to decide if slight alterations in the size and form of the larger pyramidal nerve 
cells in uninvolved cortical areas were greater than normal, but detaiied studies of 
the architectonics of the cerebral cortex were not made. 


The Suprapituitary Tumour, 


Microscopically this tumour had the structure of a neurofibroma in which there 
was also present numerous thick-walled blood-vessels of varying size. In parts 
of the tumour these abnormal vessels were so numerous, and filled so much of the 
field, that they could very well be regarded as a composite part of the tumour, which 
“might therefore be more adequately described as an angioneurofibroma. 


Summary of Case 2. 


The case was characterized clinically by a life history of epilepsy, four 
years’ history of mental deterioration, failure of memory and character 
changes. Pigmentary skin changes as in Von Recklinghausen’s disease 
were present. Death followed the development of symptoms of increased 
intracranial pressure and gross right-sided hemiplegia. The pathological 
poe consisted in a new growth of spongioblasts and astrocytes, irregular 


and variable i in size, shape and form, throughout wide areas of the anterior 


— parts of the cerebral hemispheres, especially on the left side and involving ao 
-also the brain stem. This new cell formation was superimposed upon the — 





-Es sential n nervous elements, producing in these structures severe secondary 
hanges in the areas of greatest growth. It was accompanied by a varying 
5 hich was not completely irregular, but bore a definite relationship 

to the normal structure of the nertous system. In the white matter this 


Was: a fine dense network, arising from small astrocytic cells, whereas in 
the grey matter the glial increase was a coarse open network, formed for the 


most part by the processes of G astrocytic and spongioblastic cells, ee | 


< There was a large left-sided temporo-sphenoidal hernia. Death took place thirteen 


¿< Also in the right temporo-sphenoidal lobe the cortical grey matter was 


-o the right frontal lobe, but also spread throughout wide areas of the anterior parts 





























e bundles of fine Abies were also present. 
a ae of t true tumour formation was found in the midst of 
the general cellular overgrowth, and a neurofibroma was also present in 
i the saprapat region. 





For the following. case I am — to Dr. Gordon Holmes. The notes are 
rom the routine clinical and pathological records of the National Hospital. | 


-Case 3.—Clinical history: L.T., a man aged 27, was admitted to the N ation 
pital, May 7, 1909, under Dr. Gordon Holmes. F 
The family history was negative. As a youth he was subject to fainting attacks, : 
‘the exact nature of which was not clear. At the age of 14 he suffered a blow J 
` the head, and was unconscious for two hours. Otherwise he was well up to two | 
a half years before admission to hospital. oe 
At this time he began to complain of epileptic attacks, headaches and” 
E loss of memory. The epileptic attacks, which were infrequent but generally — 
= severe, were preceded by a cramping, tingling pain in the right side of oo 
the face just before consciousness was lost, and followed by a transitory weakness 
. of the right side. The headaches were very variable, and often localized behind the 
oe eyes. The symptoms gradually progressed up to admission to hospital. Examination 

revealed a marked failure of memory for both recent and remote events, and also 
some. difficulty in remembering the names of objects. There was no mental or 
speech disturbance. Papillaedema developed under observation and apart from this 
the only abnormal physical signs were a slight lower right facial weakness, and a 
slight loss of sense of position in the right arm and leg. 

In a two-stage operation Sir Victor Horsley performed a left cerebral decom- 
pression on the clinical diagnosis of a left parieto-temporal tumour. No definite 
tumour formation was located, and he was discharged fairly well and able to walk 
about, on July 5, 1909. This improvement was only maintained for a short time, 
and soon he began to deteriorate rapidly. Fits occurred with greater frequency 
and many minor attacks, consisting only of momentary loss. of consciousness, took 
place, and he was again admitted to hospital on May 2, 1910, in a completely 
inco-operative state, with a gross right hemiplegia and hemianwsthesia to pin-prick. 

























ha days later. : 
>o Post-mortem examination.—The right temporo-sphenoidal lobe of the brain was oe 
enlarged and bulky, and seemed to compress the right optic nerve and the right 
side of the optic chiasma, On section a large circular reddish soft degenerate 
area was found in. the anterior part of the right cerebral hemisphere, 
underlying the third right frontal convolution and the island of Reil 


x not sharply differentiated from the underlying white matter, and in this area there 
ere also a few scattered haemorrhages. The anterior part of the corpus callosum 
and the fornix were somewhat enlarged, and the former presented a honeycombed 
E “appearance. 

— -Microscopical examination. —-This revealed that the naked eye changes were pro- 
k dsd by a diffuse cellular overgrowth which involved not only the softened area of 






Cof both hemispheres, and also the corpus callosum. It was composed of round, o i 





n only : somewhat’ a 
“th the density and. manner — er arrangement in 


i — differences in the rapidity | of growth, and in the size and shape of simi 





pling. neurogli: 

_in size and shape, and . . 
— areas (fig. 17). In the 
left parietal region the new growth was of fairly e density throughout the whole 
thickness of the cortex. Numerous well-preserved nerve cells were seen, but 
recognition of the cellular layers of the cortex was not possible. Mallory’s phospho- 
















tungstic hematoxylin stain revealed neuroglial fibres, forming a dense network sub- - 





pially and in the white matter, but the fibres were coarse and widely separate 


in the grey matter. Astrocytes and bipolar cells of varying size and form could 
~ be made out everywhere, but these formed only a small part of the actual new 


l cell formation; which consisted mainly of smaller ells, the actual structure of which 


was not determined. A similar appearance was seen in the left temporo- sphenoidal — 
lobe. In the inferior region of the frontal lobes the new growth was very dense, the — 


nuclei more elongated and collected in parallel bundles in the subependymal region 
and under the pia., In the softened area of the right frontal lobe the nuclei were 
on the whole small and rounded and densely packed. Although it is not possible 
to present full pathological details of the case, the very clear clinical and pathological 
resemblance to Case 2 justifies its inclusion in this paper. 


Summary of Case 3. 


The case was characterized clinically by epilepsy, failure of memory, 
and symptoms of increased intracranial pressure which eventually proved 
fatal. Pathologically there was present a diffuse cellular overgrowth 
throughout wide areas of the anterior parts of the cerebral hemispheres. 
This was formed of astrocytic and spongioblastic cells, and was super- 
imposed upon the essential nervous structures, gradually replacing them: 
The accompanying gliosis was not entirely irregular, but greater subpially 
and in the white matter, and less in the grey matter. 


GENERAL DISCUSSION. 
The three cases which form the subject matter of this paper have been 
considered examples of a similar type of pathological change in the central 
nervous system, There are some differences in general histological appear- 


ance, especially between the first and second cases, but these appear tobe | F— 











types of cell, and not in the essential pathological process as is shown by > 


the: following considerations. In each case a widespread overgowth of 
cells of neut oglial origin with similar staining reactions had superimposed 


itself upon the essential nervous elements, and led to secondary changes 


imn these structures in direct proportion to its intensity ; so that one found 


all degrees of change, from a slight general increase of the normal 
| neuroglia, to an area resembling a circumscribed new growth. This new 
growth was associated wath a gliosis which varied with the normal struc- 








a ture of ee nervous system, re a , dense fine network in the white matter, 
and a coarse open netwosk, s staining faintly with victoria blue, in the grey 
~~ matter of the cortex apd basal ganglia. Also, there was in all cases dense 
ril formation 1 in those sites where there is normally a condensation. of 

us neuroglia, namely, in the outer zone of the molecular layer, under- · 
ei h the ventricular surface, and along the blood-vessels. The clumping e 
ewly -formed spongioblastic and astrocytic cells round the nerve cells. — 
also found equally i in the first two cases. Other similar features were 









-the extension of the cellular arfd fibrous ov ergrowth into the leptomeninges — 
and the walls of the blood-vessels, producing degeneration of the vessel 


walls and haemorrhages round the vessels and into the superficial layers- ae 
- of the cortex. Haemorrhages and fissuring 1 in the ghosed tissue were also 
present in both cases in the deeper parts of the nervous system, the former > 


- being more marked in the first case, and the latter in the second. 
= With regard to the nature of the pathological process, it will be quite 
dea that the cases cannot be regarded as straightforward examples of 
tumour growth and an attempt made to classify them according to their 
~ possible cell of origin. In the first place the occurrence of characteristic 
cellular overgrowth underneath the pia on the undersurface of the cere- 
bellum in Case 1, and the very great variation in the cellular overgrowth 
from point to point in Case 2, makes it unlikely that the growth could 
have arisen in any one area and spread directly as a single tumour forma- 
tion. The tendency also for the overgrowth in the first case to involve 
mostly the cellular layers of the cortex and the subcortical white matter 
is an Important point in this respect. Further, the retention of the normal 
elements of the nervous system, even in areas of severe new cell formation, 
is much greater than is found in true tumours of the nervous system. 
_ Apart from these considerations it would be impossible to designate as a 
tumour formation by direct spread, an over growth which varies its mite 
and fibre overgrowth anatomically, so that one finds very constantly a sharp 
distinction at the junction of the subcortical white matter and the cellular 
layers of the cortex. This feature seems to indicate clearly, despite the 
_ very dense cellularity in some areas which would be quite indistinguishable 
gt considered alone from an area of rapidly growing tumour formation, 
-that the new formed cells had not escaped entirely from the laws that 
- govern normal growth, and that their development was influenced to a 
much greater extent than is usual inesimple tumour formation by the 
normal structures. where the overgrowth was taking place. 
Another unusual feature in the cases was the very great variation in 








-the form and shape of the individual cells. In one area the section could > 





easily be labelled medulloblastoma, in another spongioblastoma with fine — 


e fibre oraa on or | iloi 10 , iffuse « astrocytoma = 
Any one, he 





— : = ably resulted from the differentiation of cell 
-` o mature forms toa much greater extent than tak 













vever, ofi wa aano ótt 


l growth would be quite 
inapplicable to the overgrowth as a whol : 


is. varied appearance prob- 
ells from immature to more 








kes place i in a true neoplasm. 


-= Further, in the brain stem and cortical areas not involved in the general 
-< cellular overgrowth there were found abnormalities i in the neuroglia which 


cannot be tegar ded as a direct spread of tumour growth throughout the 
nervous system. i 
- This last observation seems to give a clue to the histogenesis of | 
the whole overgrowth in that it probably indicates a developmental 
abnormality of the neuroglia generally, associated with which it is 
possible for the widespread cellular overgrowth to arise. The pathological 
process has therefore been regarded, not as a neoplasm in the strict sense 
cof the term, but as a blastomatous malformation, in some way or other 
congenitally predetermined, although it is recognized that in reference to 
some parts of the overgrowth it may be impossible to define the boundaries 
between malformation and true tumour formation. This does not explain 
the origin of the new formed cells, whether from adult cells or from 
residual undifferentiated cells, nor the factors which caused the late onset. 
of intense proliferation, but such questions are equally obscure in relation 
to the whole group of blastomatous malformations of the nervous system. 
If, however, some developmental abnormality of the neuroglia exists, it is 
possible that proliferative tendencies may develop in relation to this, and 
that a general overgrowth may arise over a widespread area, or having 
arisen In one area, cause its development in adjacent areas. On such a 
hasis it is easier to understand the close pee cae of the new formed . 
cells and fibres. The great capacity of the cells for differentiation, — 
also the variation of the cellular form and fibre development of the over- 
growth depending on the surrounding tissues is more comprehensible. _ 

It has been stated that general neurofibromatosis, affecting the peri- : 


pheral nerves, is not a true neoplasm, but a diffuse fibroblastic overgrowth | 
oo which may form focal manifestations resembling tumours, while in places 
“true tumours may actually arise. The pathological process under discus- 





sion could be similarly regarded, the neuroglia i in the nervous system being 3 
— involved instead of the fibrous tisse in the peripheral nerves. Here, how- 
ever, a much greater variety of pathological change is to be expected, 

_ because of the greater possibility of abnormal development in the mentors 
cells as compared with the fibroblastic cell. L aiai 

Support for the conception that the cases under discussion are. primaril 





















— ‘blastomatous malformations is foun l in 1 the study of the central changes — 
of Von Recklinghauser's disease. It is ; recognized that a feature of this 
— disease is the occurrence, mostly in the cortex, of nests of gliogenous cells, 
<- or even a diffuse ingrease of glia which does not essentially disturb the _ 
cortex. Gamper (1929) described changes of this category in a case of Von. 
“| ecklinghausen’s 3 disease, which showed also multiple ventricular and : 
b ependymal tumours. In the medial aspect of the frontal lobes an ior. 
E the genu of the corpus callosum he found infiltrating both the cereb 
cortex and white matter a dfffuse cellular ov ergrowth which resembled i m 
histological details very closely the changes found in the frontal region i in 
the second case of this paper. This abnormality would be regarded asa 
blastomatous new formation of neuroglial cells in various stages of differ 
——— entiation, and primarily dependent on some dysgeneti¢ factor. Wherefore — — 
oo seems reasonable to suppose that such an abnormality may in some cases 
be the predominant type of blastomatous change and spread widely over 
ae the cerebral hemispheres. | 
< Another case may be mentioned. Schnyder (1928-29) has described in a 
— year old male, a dense gliosis of the right optic nerve with 
numerous glial cells, resulting in considerable demyelinization and 
thickening of the nerve. A diffuse glioma of the hypothalamus and neuro 
fibromatous tumours on the 3rd cervical nerve and 9th intercostal nerve. 
were also present. The intense gliosis of the optic nerve was very similar 
to the gliosis of the optic chiasma which was present in the first two cases 
of this paper. It is therefore significant that in the second case of this 
paper there were present skin changes such as are found in Von Reckling- 
hausen’s disease, and also a neurofibromatous tumour in the suprapituitary = 
region, features which in themselves would justify one in regarding the 
— videspread central changes as congenitally predetermined. — 












CORRELATION OF THE CASES WITH SIMILAR ONES IN THE LITERATURE. 













The similarity of the pathological changes found in the cases of 
Landau, Schwarrz and Klauer, Hildebrandt, and Cassirer and Lewy 
especially with those in the second case of this paper, is very clear, and 
each of these authors regarded the pathological process as a widespread 
blastomatous overgrowth of neuroglial cells which had arisen m a con- 
genitally abnormal tissue, or was dependent on a tendency to tumour 
formation affecting a wide area of the glial system. 

Foerster’s case is, however, more closely related to the first case of this. 
paper, in that the distribution of the cellular overgrowth was very simila: 


and the cells were more elongated and rodshaped. The macrosco : 






No -` could be stained. Fi oerster therefore regarded 





is case, howe er, 








owed 3 no ‘new Seatation ¢ of i glial ate anc | 10 processes from the cells 


— the, new formed cells as 
~~ Jemnoblasts, or precursors of sheath of Schwann cells, and called the disease 
central diffuse Sc awannosis. It would appear very. "difficult to establish 


such a conception for a diffuse new growth throughout wide areas of the 


-central nervous system. As the general characteristics of the pathological 
process in Foerster’s case were very similar to Case l in this paper, it seems 


likely that the cells were really undifferentiated neuroglial cells, and that 


the case is similar to the group under consideration. This similarity is | 

further evidenced by the presence of typical skin changes of Von Reckling- | 
hausen’s disease in Foerster’s case. The very early age of the onset of the 
disease may bear Some relation to the undifferentiation of the cellular 
overgrowth. ; 

In Santha’s case, the child also was very young, being only 9 years of 
age. Santha also found some unipolar and bipolar spongioblast-like cells 
and a defective development of the macroglia. He regarded the main 
new growth, however, as composed of lemnoblasts ; but, owing to the 

presence of spongioblast-like cells, stated that the lemnoblasts are in genetic _ 
relationship to the macroglia, and not to the oligodendroglia. It would seem 
more probable that the cellular overgrowth was in its entirety neuroglial, 
and that the pathological process is identical with that already discussed, 
hut is nevertheless distinctive in that the new formed cells were for the 
most part undifferentiated abnormal glial cells. 

It will be clear from the above discussion that one considers the cases 
of this paper, and those collected from the literature, as forming a distinct 
group, closely related pathologically, but with wide variations in micro- 
scopical details. T he pathological relationship consists in a dysgenetic 
abnormality of the neuroglial system of the brain, whereby the tendency 
to a widespread blastomatous neuroglial malformation exists. The factors 


ee which will cause this to appear at one or other decade of life are unknown. 






-= The cases are primarily a blastomatous malformation, but in the areas Re ae ae 


most dense overgrowth it may be impossible to say where malformation — 


ends and true tumour formation begins. Gliomatosis cerebri seems the — 
most suitable name for the entire group of cases. They are clearly closely 
related to Von Recklinghausen’ s disease, and. appear analogous to the cases 





of widespread neu rofibromatosis of the peripher al nerves, where the 


o “cellular overgrowth might be more correctly regarded as a blastomatous 


malformation than as a true tumour formation. 
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< RELATIONSHIP OF GLIOMATOSIS CEREBRI TO OTHER FORMS OF TUMOUR 


F ORMATION. 


-© While the cases are thus closely related, on the one hand to the well- 
ecognized group of*blastomatous malformations to which the name of 
on Rec klinghausen’ s disease has been given, they are also related, on the 
her hand, to certain types of localized tumour formation in the central 
VOUS system. : These are glioma of the optic nerve, glioma of the pons 
-or pontine hypertrophy, and diffuse glioma of the optic thalamus ; tumours 

= which are very difficult to classify on any basis. Hudson, in Pelee : 







recognised that tumours arising in the stem of the optic nerve were all. — 
_ of the same nature, and he classified them as degenerative gliomatosis o 
< the optic nerve. Verhoeff (1932), although regarding them as true gliomas; — 
did not attempt to classify them on an embryological basis. He “noticed — 


_ that the tumours did not advance by direct spread, but by causing the. 
_ pre-existing neuroglia in the vicinity to proliferate. The tumours are com- 
-= posed of neuroglial cells, which vary from adult astrocytes to elongated 
spindle-shaped cells taking on the character, more or less, of spongioblasts. 
There is generally a variable formation of neuroglial fibres, and the tumour, 
in parts at any rate, is superimposed upon the actual structure of the nerve. 
These tumour formations are generally classified as polar spongioblastomas, 
but Russell and Bland (1934) have subjected one specimen to tissue culture, 
and found that stellar astrocytes were grown, so that they consider that the 
tumour should be designated piloid astrocytoma. This observation indicates 
clearly the tendency of the cells in the tumour to differentiate along normal 
lines. ‘These are all features well exemplified in the cases of gliomatosis 
cerebri, and it seems possible that tumours of the optic nerve may be 
primarily a blastomatous malformation, dependent upon some congenital 
-developmental anomaly, and cases have been described in association with 
Von Recklinghausen’s disease. On such a basis the great variety of the 
histological picture may be better understood. Glioma of the pons and 
optic thalamus also show many features similar to those found in 
gliomatosis cerebri. The cells in the tumours are round, oval, and elon- 
gated cells clearly neuroglial in origin, with a tendency to grow in a very 

- diffuse manner between the essential nervous elements, with special con- 
densations underneath the pia, and sometimes, especially in the thalamus, 
around nerve cells. Classification of these tumours has been much dis- 
cussed, and it is possible that again they may be dependent upon some 
congenital abnormality of the neuroglia with a greater tendency in these 
cases for the blastomatous malformation to be lost in true tumour growth. - 
In the second case of gliomatosis cerebri in this paper, a minute focus: of 
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foung ist the J Tt is concerabie that 
ases might arise in "ead che picture 1 was , revers ed , and large areas of © 

ii nation. obscure the primary blaston ï ratous malformation. 
-These suggestions with regard to the above-mentioned gliomas have 












| o oo study. Further study of these tumours, however, and of the neuroglial 
-system as a whole in such cases, may fufnish information which will 











Be adequately explain their histogenesis, and in so doing throw further light — 


on the cases of gliomatosis cerebri. A possible relationship also exists 
between the cases classified by Elvidge, Penfield and Cone (1937) as diffuse ` 
astrocytoma and gliomatosis cerebri because it seems inadequate to regard 
simply as a diffuse astrocytoma a pathological change which shows 
embryonic cells like spongioblasts differentiating into astrocytes, the reten- 
~ tion of nerve cells in the midst of the tumour, and the accumulation of 
tumour cells around those nerve cells. 


SUMMARY. 


Three cases of diffuse cellular overgrowth of neuroglial cells throughout 
wide areas of the cerebral hemispheres have been described and correlated 
with other cases from the literature. The name gliomatosis cerebri has 
been considered most suitable for cases of this type, and they have been 
regarded pathologically as primarily blastomatous malformations arising 
upon a congenital developmental defect, although it is clearly recognized 
that it may be impossible to say where malformation ends and true tumour 
formation begins. Clinically, the cases were characterized by a long history 
of epilepsy, followed by mental symptoms, especially failure of memory 
and character changes and symptoms of increased intracranial pressure. 
Symptoms of focal disease in the brain were absent or late. The relation — 


has been discussed. | 
— This work was carried | out during the tenure of the Pinsent Darwin 
: Studentship i in Mental Pathology. i 
— ish to thank the Physicians who have allowed me to publish. their 
cases. My thanks are also due to Professor Pulvertaft for permission to 
take the photomicrographs ; and to Dr. Denny Brown for photomicro- 





graphs 15 and 17. T also wish to thank Dr. ‘Greenfield for his criticism — 
-and advice. Hog 








4 een made because the patent similarities with the cases of gliomatosis ge 
7 rebri indicated the possibility of a different angle of approach to their 





-of the cases to certain localized tumour formations in the nervous system 
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dee LEGENDS FOR PLATES V, VI, VIL | 
Fic. 2. Case J.--Camera lucida drawing from preparations stained by Hortega’s 
silver carbonate method for astrocytes. (a) Examples of the cell types found in. the 
thalamus. (b) Cellular layers of the cortex showing the varied size and shape of the 
new formed cells. Those round the nerve cells are astrocytes and spongioblasts. 
(c) Molecular layer of the cortex showing the marginal bundles of piloid fibres and 
bipolar cells, and also the predominance of astrocytes in the deeper parts of the 
layer, 
Fic. 3.—Case |.—Perivascular overgrowth displacing the myelinated fibres in 
the thalamus. Spielmeyer’s myelin stain counterstained with carmine. 
Fic. 4. Case 1.—Fibrillar bundles of cellular overgrowth along the cortical 
margin. Iron hematoxylin and van Gieson. | 
Fic. 5. Case 1—Dense cellularity running along a blood-vessel into the cortex. 
The surrounding cortical infiltration is moderately severe. Nissl. 
Fic. 6. Case 1.—Severe overgrowth in the cellular layers of the cortex, with 
distortion of the remaining nerve cells. Nissl. — 
Fie. 7. Case 1—Dense subpial cellular overgrowth along both sides of a cerebral 
fissure. Iron haematoxylin and van Gieson. — 
OoOO Fic. 8. Case I.Subpial infiltration in the cerebellum. Iron hematoxylin and 
“van Gieson. eae ae 
Fic. 12. Case 2.—Severe cellular overgrowth in the cellular layers of the cortex. 
One or two nerve cells remain, and there is calcification in relation to a vessel. Iron 
hematoxylin and van Gieson. — 
Fic. 13. Case 2.—Same region as fig. 12. Bundles of neuroglial fibres running 
along small blood-vessels. The coarse neuroglial fibres in the background are only — 
~~. faintly stained. Anderson’s victoria blue. H a 
cooo Fie. 14. Case 2—Dense gliosis in the subcortical white matter. Anderson's _ 
victoria blue. x 
=o Fic. 15. Case 2.—Moderately severg cellular infiltration of the cortex showing — 
Oo elumping round nerve cells and the arrangement of the new formed cells in short 
~~ “chains. Iron hematoxylin and van Gieson. 
Fic. 16. Case 2.—Focus of anaplastic tumour formation in the left frontal: 
lobe. Davenport's stain. ws 
Fic. 17. Case 3.—Severe cellular infiltration in the cortex showing resid 
nerve cells. Iron hematoxylin and van Gieson. e 









"SUBACUTE DIFFUSE — 
BY R. M. STEWART. 





a is possil le to. recognize T forms of tpendymitis, the acute, the 


| "common condition, being i in most cases either. merely the extension of a — 
purulent leptomeningitis to the ventricles of the brain, or, as in meningo- 
coccal meningitis, part of a septicemia in which the organisms reach the 
ventriculo-subarachnoid system not by way of the meninges, but through 
the choroid plexus. In chose instances in which the patients survive the 
acute phase of their illness this type of ependymitis, by closing the avenues 
of escape for the cerebrospinal fluid, may produce internal hydrocephalus 
as an end-result. 
Chronic ependymitis is of an altogether different character. For 
: example, the so-called granular ependymitis characteristic of parenchy- 
matous syphilis owes its development more to a subependymal glial over- 
growth than to an actual hyperplasia of the ependymal lining and _ its 
-presence is but one indication of a widespread proliferative gliosis which 
spares no part of the nervous system. 

On the other hand, subacute cpendymitis differs from the other two 
forms in that it is capable of arising as an isolated and primary inflain- 
mation of the entire ventricular system, strictly limited to this system, 

with, no concomitant inflammation in the subarachnoid space. 

As in the case now reported the clinical features to which the condition 
gives rise may be puzzling and are often suggetti either of posterior i 
ossa neoplasms or ‘suprasellar tumours. . — 













CASE REPORT, 


History. E. H, aged 56, single, was admitted to Leavesden Hospital ‘en 

33, inva condition of secondary dementia. She had been feeble- 
an from. April, 1926, to December, 1933, was a patient in Bexley 

al, ti nical history being one ofedepression, ae delusions of perse- 

ition ‘and ‘hallucinations of hearing. 

State on Examination, December 5, 1933.——The patient 1 was very obese. Height 
4 ft. 10 ins weight 14 st. 9 lb.. Her articulation, pupils and cranial nerves were 





— ute, and the chronic. Of these the first named is a comparatively. — 





normal, but her gait was feeble and unsteady and ‘pain: in the back was a prominent. i eth 
symptom, * | | — 
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Progress. -= [hree weeks after aden tremor of the right hand was noticed 
and pain was now complained of in the arms. In June, 1934, six months after 
admission, she had beconfe even stouter, walking was more difficult and the tremor 
of the right hand more pronounced. Her urine was free from sugar and a sugar 
tolerance test gave the following readings :—- 

+ 


0 hr. = 125 mg. per 100 c.c. 
Ve pros JST e a e 
IL hrs 227 y a a 
Ls hrs.= 186 so p p» s 
2 hes.= 173 „noo » » » 


Serum calcium 10-7 mg. per 100 c.c. Serum phosphorus 4-6 mg. per 100 c.c. Blood- 
pressure 150/60. —— 


Roentgenographic examination of the skull negative. Normal pupillary 


reactions continued to be obtained and the fundi showed no abnormality. 


In December, 1934, twelve months after admission, the patient appeared. to be. a 
in failing health ; the heart sounds were feeble, cyanosis was present and patches __ 


o£ pigmentation, first noticed in July, had become much more marked, especially 
in the axillæ, groins, and round the umbilicus. The patient was emotional, crying 
incessantly, salivating and dribbling. There was no pyrexia. 

In January, 1935, the conjunctive and skin acquired an icteric tinge and for the 
first time involvement of the cranial nerves was detected. The pupils, equal in 
size, reacted sluggishly to light and on accommodation-convergence ; a left 
external strabismus and right-sided facial paresis were noted. The face was. 
expressionless and this, coupled with tremor of the fingers of the cigarette rolling 
type, gave the patient an appearance somewhat suggestive of Parkinsonism. The 
lower limbs showed no tremor or rigidity and all deep reflexes were brisk. The 
patient was still able to leave her bed and sit in a chair for short periods. 

In April, 1935, sixteen months after admission, remittent fever of a mild grade, 
which never exceeded 101° F. was recorded. The jaundice and cyanosis were 
more marked, the left border of the heart was displaced outwards and the patient 
-had become considerably less obese, the reduction in weight amounting to 3 st. 
* Vomiting occurred at infrequent intervals. Tremor of the fingers was still present 
‘and both upper limbs were somewhat rigid. The plantar reflexes were normal, the 
arm-jerks brisk, the knee and ankle jerks absent. Pain in the arms and shoulders 
was a prominent feature, and with increasing cyanosis and dyspnoea the patient 
became drowsy and gradually weaker. Several days before death small purpuric spots 
appeared on the abdomen and legs. Death occurred on May 26, eighteen months 
after the onset of symptoms. 

Post-mortem examination..-An autopsy was held fourteen hours after death. 


— The body was that of an extremely obese adult female, the distribution of fat 


| affecting the shoulder girdles, upper limbs, breasts, abdomen, thighs, and buttocks. 
ere was a noticeable degree of dark pigmentation of the breasts and groins. The 
ngers showed a slight degree of clubbing. The thyroid gland was normal, the 







lungs showed basal congestion and the heart considerable enlargement, weighing 


360 grm. The left ventricle showed hypertrophy, the right ventricle dilatation. 
The coronary arteries showed a moderate degree of atheroma, but on the whole | 
the myocardium was fairly healthy. On the mitral surface of each of the three 








> 


194 ORIGINAL ARTICLES AND CLINICAL CASES 


aortic valve cusps there were numerous small vegetations of a red colour. These 
were not firmly attached and there was no ulceration of the valve segments. The 
remaining valves were healthy. The liver—1,055 grm.—showed a moderate degree 
of fatty infiltration ; the spleen was moderately enlarged, soft and friable, The 
kidneys showed no gross changes. The lower end of the ileum, the caecum and 
the first two feet of the ascending colon were gangrenous,eowing to an embolic 
blockage of a branch of the superior mesenteric artery. 

Nervous system—The calvarium and dura mater were slightly thickened. The 
brain weighed 1,350 grm., and it was evident that a considerable degree of internal 
hydrocephalus was present. On removal of the brain the pituitary gland was 
seen to be markedly compressed. Except in the igterpeduncular fossa and in the 
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Fic, 1.—Vertical coronal section of cerebral hemispheres to show ependymitis of 
the greatly dilated anterior horns of the lateral ventricles. 54 actual size. 


neighbourhood of the Sylvian fissures the pia-arachnoid was quite normal ; in these 
situations the pia was slightly thickened but there was no evidence of exudate : 
at the base the arteries showed a moderate degree of atheroma. Some flattening 
of the fronto-parietal convolutions was present, otherwise they were of normal 
configuration. The cerebral hemispheres after ten days’ immersion in formol saline 
were divided and weighed: right cerebral hemisphere, 485 grm.; left cerebral hemi- 
sphere 490 grm.; cerebellum and brain-stem 149 grm. The most obvious feature 
was the extreme degree of ventricular dilatation, more marked on the left side and 
affecting equally the body and horns of the lateral ventricle. The septum lucidum 
was thickened and the corpus callosum thinned and stretched. Both foramina of 
Monro were dilated and the 3rd ventricle markedly distended, its floor bulging 
downwards in a caudad direction. The 4th ventricle did not share in the dilatation 
(fig. 1). The cerebrospinal fluid which escaped from the ventricular system was clear 
and limpid. 
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oe ‘The —— walls presented a` “most — appearance. “Instead of the 
smooth glistening surface the ependyma was rough, uneven and peppered all over 
with dark hemorrhagic spéts, many of the size of a pin's head. With a hand 
Jens it could be seen that the ventricular lining had a decidedly granular appearance. 
‘These changes were most marked on the outer walls of the anterior horns, on the 
mesial walls of the occfpital horns and on the walls of the 3rd_ ventricle. The — 
nfſammatory process also extended to the floor of the 4th ventric ; 
ependymitis was so marked. as to conceal the normal outlines of anatomical a 
‘The choroid ae did. not — flattened or bound down by inflamma o 
exudate. a ao Ege 
At its commëncement the aqueduct of Sylvius was slightly dilated biii 
~ lower end it narrowed gradually until about ] mm. above its termina 10 
< appeared to be almost completely occluded. ae 

Microscopic appearances.—The pia-arachnoid investing the cerebral hemisphe r 
showed no evidence of inflammation but some thickening and odema were 

present in the neighbourhood of the Sylvian fissures. a 
: In the cortical grey matter singularly few changes of an inflammatory chars- — 
acter were present ; in particular there was no evidence of perivascular infiltration, — 
and no pyemic foci were found ; the glial components showed slight reaction. The 
-— eyto-architectonics were undisturbed although the larger nerve cells showed 
- chromatolytic changes of a rather acute character. The “ verédungsherde ” charac- 

‘teristic of bacterial endocarditis were not found. The underlying white matter and 
the basal ganglia also participated in this relative freedom from inflammatory 
phenomena, but near the ventricular walls inflammatory changes weré present in 
the brain substance and these became more pronounced as the free ependymal 
surface was approached. Many of the blood-vessels in this neighbourhood showed 
small-celled perivascular infiltration and nearly all contained masses of polymorphs 
in their interior. Organisms, however, could not be found either in or around the 
vessels, 

Glial reaction was present both in the neighbourhood of these vessels and in 
the subependymal region. Numerous a astrocytes, oligodendroglia and “ gemastete ” 
cells were present in the peri-ependymal region, and in the same locality small 

| hemorrhages occurred in large numbers (fig. 2). 

On some parts of the ventricular wall the cells of the ependyma were intact and 

retained: their cuboidal shape, in other situations they had entirely disappeared, 2o 

< or had proliferated and lay under a fibrinous exudate in which were lymphocytes, 
polymorphonuclear cells, fibroblasts and plasma cells, the latter in small numbers. 
Clumps and short chains of cocci, often forming solid masses, could be seen lying 
in the inflammatory exudate on the walls of the lateral ventricles and. also in. 
situations where there was little evidence of inflammation ; although they were 

_ present throughout the ventricular system nowhere else were they found in such. 

large numbers. 
The inflammatory changes described above were also very marked in the walls 
of the 3rd ventricle but the outer walls of the descending horns of the lateral 
ventricles were singularly free from evidence of inflammation though organisms — 

“could be seen lying on the free surface of the ependyma in this situation. 

; In the region of the aqueduct of Sylvius important changes were present. The 

ependymal cells had undergone proliferation but very irregularly, so that side _ 
by side with ependymal granule or hillock formation there were areas in which — 
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“arrangement w was squite — Towards lower gad. the aqued was 
lly closed by a productive inflammatory process in the fibrous meshwork of 





which nests of ependymal cells could be discerned. Ûnder a high power, chains 


and clumps of cocei could be seen lying in the midst of inflammatory cells but no 
organisms were. found i in the deeper layers of the’ peri-aqueductal grey matter. Com- 
plete closure of the iter had not occurred though its lumen. was much encroached 
on and at one point ‘separated up into several small canals (figs. 3 and 4). 









Equally striking was the very marked degree of subependymal gliosis which ~~ 


became more pronounced at the lower end of the canal, On the floor of the 4th — 
` ventricle it formed a dense felt-like mat overlaid by proliferating ependymal and 
inflammatory cells lying among which were numer us. organisms (fig. 5). In addition 


to the fibrous glia the peri-aqueductal grey matter contained swollen glial cells and 
nerve cells which exhibited acute degenerative changes. In this locality, too, some of 


the blood-vessels showed hyaline degeneration of their walls. Small hamorrhages 
were also found in the subependymal region of both the pons and medulla. In the 
same localities endovascular leucocytic clumping was conspicuous but no organisms 
were found in the interior of vessels. 

‘Many of the nerve cells of the pons were heavily pigmented. 

The spinal cord showed a moderate glial increase of the astrocytic type but the 
vessels showed no perivascular infiltration. The central canal was closed. On the 
other hand, the investing’ pia-arachnoid was thickened and showed a pronounced 
inflammatory reaction, the condition being in fact a leptomeningitis of a rather 
acute character. For the most part the exudate consisted of polymorphs, lympho- 
cytes and mononuclear phagocytes and a small amount of fibrin. Lying among the 
inflammatory cells were numerous Gram-positive cocci, often arranged in short 
chains. | 

The choroid plexus.—Both in the lateral and 4th ventricles the choroid plexus 
showed little evidence of inflammatory reaction, it being impossible to say that any 
marked degree of choroiditis existed. Some oedema and vascular dilatation was 
present but on the whole the tuft cells were singularly free from degenerative or 
inflammatory changes. 


DISCUSSION 
In the absence of any widespread inflammatory reaction either in the 
cerebral cortex or of its membranes it is evident that we are here dealing 
with an example of the relatively uncommon form of ependymitis for 
which the term primary is justifiably employed. In this type the inflam- 


matory process is strictly limited to the ependymal lining of the intra; 





-ventricular system of the brain and the symptoms to which it gives rise o 


are largely those of an obstructive hydrocephalus secondary to closure of | 





the ventricular. foramina. With —— to the etiology of these cases- 
little is- known. : 

In a case of acute ependymitis to which the patient succumbed within- 
forty-eight hours, Coutts ( 1903) isolated streptococci from the ventri- 
cular fluid, but no infection was found in the other organs. Ina closely 





analogous case in which F isher (1903) reported the co-existence of acute 











ae in pe senaian —— as Ww — as in ‘the — tissue. But j in. ne 
subacute type direct evidence of infection is almost always lacking and 
for an EA of the strict peor of the —— oe ; 
















toxins to. 8 one the — jaa he — plan ; to 
cerebrospinal fluid. In recent years several striking examples of sub- 
` acute ependymitis have been? reported. In the case reported by: Glob 
< and Strauss (1928) the illness, which was marked by remission 
- exacerbations, lasted ten months ; symptoms suggestive of tumour of | 
3rd. ventricle were observed, and v entriculography revealed an obstr 
-> tion of both foramina of Monro. At the autopsy a subacute inflammator 
process involving the entire ventricular system was found. In the 3rd 
atricle the ependyma and subependyma had separated from the wall _ 
_ of the cavity to form a pseudo-cyst which partly blocked the aqueduct of 
— Sylvius. Careful search failed to reveal any evidence of inflammatory 
-reaction in the choroid plexus nor were the mild degenerative and inflam- __ 
< matory changes seen in the adjacent brain tissue anything more thana 
reaction to a contiguous inflammatory process. In the widespread ependy- 
mitis there were present all gradations from the mildly acute purulent in 
the lateral ventricle to the chronic granular ependymitis in the aqueduct 
and 4th ventricle. 

On the basis of these findings the authors suggested that at least some 
instances of chronic granular ependymitis have their beginnings in mild 
and slowly progressive acute forms. 

_._ Other accounts of this condition have been recorded by Merle (1910), 
— Tillgren, Spiller (1902), Cushing (1903), and Arnold, Jr. (1934). — 
— In the case of Arnold the similarity of the pathological findings to — 
— described by Globus and Strauss was striking. The patient’s illness — 
` lasted little more than two months and the outstanding symptoms were. 
_ those of mental deterioration and headache. The neurological signs: were 
bilateral and of little localizing value. Ventriculography showed sym- 
si metrical dilatation of both lateral ventricles, the other ventricles being of 
ce normal size. No organisms were found in the cerebrospinal fluid with- 5 
: drawn from the lateral ventricles. The pathological changes consisted. 
of obstruction of the foramina of Monro by a subacute inflammatory 
a process ; there were present a marked glial reaction, destruction of the — 
-ependymal lining, swelling and hyperplasia of the choroid plexus, a marked 
: —— lymphocytic reaction involving the subependymal tissue 
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ul Ciye and the prese c | te 

— — _granulations. There was no e1 de visceral syphilis” amd 
bacteria were not found. Though not norma u : cerebral aqueduct was 

not obstructed. 4 | 

It will be observed that in both of these two cases  dosure of the fora- 











k a mina of Monro played 4 major part m determining ‘distension of- he 
i lateral ventricles, but obstruction of the Sylvian aqueduct by itself mus 


be reckoned almost as common as a cause of internal hydrocephalus ; in 
such cases the 3rd ventricle will naturally participate ‘in the distension, 
while the 4th ventricle retains its normal size and shape. 

Of this type of occlusion there have been numerous reports but it is 
noteworthy that few, if, any, of these can be regarded as instances of 
subacute ependymitis, periaqueductal tumours and simple hyperplasia 
being commoner causes of obstruction. Usually, too, the changes are of 
a chronic character, the brunt of the damage falling on the peri-aqueductal 
tissue which becomes the seat of a fibrous glial proliferation with but 
slight involvement of the overlying ependyma. Evidence of inflam- 
mation is, indeed, often conspicuous by its absence, and perhaps for this 
reason the view has been advanced that not a few of the proliferative 
cases are of developmental origin. It has been suggested by Spiller (1916) 
that the process of aqueductal narrowing which takes place late m foetal — | 
life may proceed beyond the normal limits with a resultant hydrocephalus 
of the obstructive type at some peribd of postnatal life. According to 
this hypothesis the process is somewhat analogous to that which may 
occur under supposedly normal conditions around the central canal of 
the cord. But, as Stookey and Scarff point out, anatomical considerations 
lend no support for this analogy for the mechanism operative in closure 
of the spinal canal is different from that for the Sylvian aqueduct. In 
the former, simple fusion of the neural groove is followed by an 


otoo obliterative process which spares only the most ventral part of the primi- 





vir tive central canal, whereas, in the aqueduct of- Sylvius the primitive — 
central canal is not obliterated, but merely undergoes modifications: of — 
ape and size owing to the encroachment on it of surrounding anatomical 





3 structures. The hypothesis of a developmental origin has also been con : 


tested byo Dand 





y {1920} who postulates the intervention of some toxic, 
inflammatory or traumatic. process, occurring before or after birth and 


a Which: by injuring the aqueductal liming, brings about a secondary glial 


ov ergrowth and finally stenosis. 
Cases of occlusion of the aqueduct by a diffuse — process 


involving almost the whole ventricular lining have been reported byo __ 
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— "Sheldon, Parker, Kernohan (1930) an — aby Orton (1931). The appearances _ 
in the two cases recorded by Sheldon and his co-workers were dissimilar. 
In the first the condition was visible to the naked eye as a thick, gelatinous z 
exudate covering the surface of the lateral and 3rd ventricles ; on micro- 
pic examination this was seen to consist of masses of chronic inflan 
matory cells. In the second case there was diffuse granular proliferati 9 
oof the subependymal tissues and instead of a smooth exudate there ver 
om visible innumerable small granules, constituting the so-called gran la 
ependymitis. In neither cas was it possible to ascertain how the infec 0 
was acquired nor by what pathways it had entered the ventricular. system 
It must, however, be noted that both these cases belonged to the chroni 
<o rather than to the subacute type, the duration of the illness being | tw ) 
ae and four years respectively. But even in the subacute type where per 
< canalicular gliosis is less conspicuous than the ependymal involvement and 
_ where there is often clear indication of an inflammatory origin in the | 
— adjacent perivascular spaces, the actual cause usually remains obscure. : 
From this aspect the case now reported is exceptional for not only 
was there abundant evidence of inflammation in the subependymal tissues 
but no difficulty was experienced in demonstrating the presence of large 
numbers of micrococci in the fibrinous exudate on the walls of the 
ventricular cavity. Though unfortunately the identification of these 
organisms by culture was not attempted it can hardly be doubted that they 
were derived from the bacterial endocarditis to which the patient suc- 
cumbed. Concerning this disease, it may be recalled that it usually pré- 
sents a fairly definite symptomatology. The insidious onset, the variable 
fever, the brownish pigmentation of the skin, dyspneea, progressive cardiac 
failure, clubbing of the fingers and embolic phenomena form a composite- 
-clinical picture which can hardly escape recognition. It was reproduced 
ae with great fidelity in this patient though whether it was caused by the 
Streptococcus virtdans—the organism most frequently found in subacute 
endocarditis — must remain undecided. The presence of organisms. 
flourishing in enormous numbers on the endocardial surface of the. heart 
_ with little or no response from phagocytic cells is a a striking peculiarity of 
c bacterial endocarditis and in this case was illustrated by masses of organisms 
lvying on the ventricular surface with no accompanying invasion by. 
polymorphs. 
| Concerning the mode of infection of the ventricular system it is not 
possible to speak with any degree of cer tainty. It seems obvious, however, 
— that the cerebrospinal fluid in the ventricles was not infected from with: — 
out, that is to say from the meninges, since no organisms and no evid n 











































Jammation wi re ino ‘one situation 
J e upper cervical regic ghis area the acuteness 
of ‘the inflami matory process — in “favour, of a terminal stage of 














- meningitis attributable to the escape of organisms through the roof of | 


= the 4th ventricle. 


In a disease such as subacute E T in which organisms are = 





A w widely disseminated through the blood-stream, infection of the brain — 
tissues is to be expected, and has, indeed, been frequently reported, notably 
— by. Kimmelstiel, who found aneurysms, vascular thrombosis, ischaemic 


foci and multiple inflammatory areas in the cerebrum. Consequently. the — 
likelihood of infection of the cerebrospinal fluid from the blood-stream. 
must be entertained. In the case under discussion no changes of the 
widespread characfer described by Kimnielstiel were found, evidence of 
inflammatory reaction being limited to the neighbourhood of the ventri- 
cular walls. No thrombosed vessels or ischamic foci were seen and the 
possibility of infection from this region is purely presumptive. 

Certain writers have claimed that organisms can reach the ventriculo- 
subarachnoid system not by way of the meninges but through the choroid 
plexus and obviously the presence in this situation of a metastatic focus 
would afford a direct route for invasion of the cerebrospinal fluid. In one 
of their two cases of diffuse inflammatory ependymitis, Sheldon and his 
co-workers found in the choroid plexus of the lateral and 3rd ventricles 
lymphocytes, polymorphs and small thrombosed vessels so that notwith- 
standing the negative character of the histological appearances in the case 
under discussion the possibility of a mechanism of this sort must be 
given serious consideration. 

In this case the degree of proliferative gliosis which accompanied the 
ependymitis was so marked, especially in the pons and medulla as to 
raise the question of whether the gliosis may not have preceded the involve- 


Reo ment of the ependyma, the organismal invasion being thus a a secondary : 










n time to the last few weeks of the patient’ s illness. ae: 
= As already mentioned, alternative hypotheses have been advanced i in 
planation of aqueductal stenosis of long standing; of these the first | 

J stulates an involutional or developmental hyperplasia of the sub- 
— epend mal glia, the second holds that the proliferative changes in the 








— shia are secondary to some previous inflammatory process that has resolved, 
- leaving no vestige of the original infection which brought them into 





- being. For the first view there is something to be said when the patient 
succumbs ata ise cae | early age, as in the cases recorded a SP = 





; phenomenon attacking an already diseased system and, perhaps, —— oe 















~ SUBACUTE IFS E BPENDYMITIS 





n 1902) and Dijkstra (1930) or \ when, as in Orton's case (1931), the patient : 
has a hydrocephalic type of cranium indicating that imperfect drainage 
26 of ventricular cerebrospinal fluid must have been present at an age when t: 
E growth of bones of the skull was still active, but in the case now reported | 
the patient showed no enlargement of the head and since she had attained 
it fifty-sixth year, a developmental gliosis commencing at so late a- period 
of life would be most unlikely. On the other hand, the duration of he 
oS ness and the whole clinical history were quite compatible “with th 
A presence of an infective epehdymitis pursuing a comparatively. slow. and 
insidious course and since evidence was not lacking of reactive phenomena 
of fairly long standing beneath the ependyma it may legitimately be con- 
_ cluded that the lowness of the virulence which confers on bacterial endo- 
` carditis lenta its subacute character was in this case “responsible for the 
changes produced in the ventricular walls and in the aqueduct of Sylvius. sees 
— Finally, it may be remarked that, as in this case, complete closure of 
oe the aqueduct of Sylvius is not necessary for the establishment of a progres- | 
sive ventricular dilatation. This channel is normally so minute thatevena 
moderate encroachment on its lumen seems to be sufficient to determine 
an obstructive hydrocephalus. | 
From the diagnostic standpoint it was unfortunate that efforts to obtain = 
a sample of cerebrospinal fluid were unsuccessful, for the presence gf 
organisms in the fluid would have afforded a clue to the nature of the 
condition. Without this diagnostic aid the patient’s symptoms—mental 
deterioration, change of personality, headache, vomiting, muscular rigidity 
and tremor, cutaneous pigmentation and increasing obesity—were mis- | 
leading and were indeed interpreted as evidence of an intracranial neoplasm e 
<- with probable involvement of the pituitary body. This simulation of _ - 
-intracranial tumour in subacute ependymitis has been noted by a number __ See 
-of other writers and it is clear from accounts in the literature that even. 
when all diagnostic aids, including ventriculography, are employed, : 
occasionally the actual cause of the internal hydrocephalus can only be 
determined by an exploratory operation. 7 




















SUMMARY. 


A feebleminded woman, aged 56, succumbed to bacterial endocarditis * 

_ of eighteen months’ duration. Taman of the nervous system showed- — 
— the presence of a subacute ependymitis of the lateral 3rd and 4th — 
- ventricles ; associated with this there was a partial stenosis of the aqueduct . 
-= of Sylvius which had produced a marked degree of internal hydrocephalus 
< Inflammatory changes were limited to the ependymal and subepen 
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— Fic. 2.--Wall of 3rd ventricle. Note the irregular ependymal surface rang the 
— presence of free haemorrhages in the subependymal tissite. Mallory’s stain. x 50. 0 
cers Fic. 3,-—Lower end of aqueduct of Sylvius showing partial stenosis. Note — 
— submerged. ependymal cells E. Arrow points to a clump of polymorphs containing 

l many cocci... Cresyl violet stain, x 34. 
— _ Fic. t 4.—High- power view of the clump of polymorphs indicated in fig. 3. The 
organisms are. ‘streptococci arranged in short chains. x 600. 7 
a 5] ric. 5.—-Floor of 4th ventricle showing intense “gliosis. The ependymal cells 
are still —— Cresyl violet, x 38, = 
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INTRODUCTION. 

Lirrie is known of the intramedullary pathways governing the activity 

of the sympathetic nervous system in man. Clinical and experimental 

observation have given rise to speculation concerning “centres” in the” - 

cerebral cortex, the hypothalamus or the medulla, and to conjecture as 

to the tracts below this level. The issues cannot be completely settled by 

animal experimentation, for the results are frequently at variance from one 

-species to another, and in some points are in clear disagreement with the 
-` results obtained from the study of man. 

Since the peripheral sensory nerves are known to be the afferents for __ 
sympathetic response as well as for somatic sensation, it may be possible to 
_ study the relation of the intramedullary pathways involved in sensory : 
perception to those used by the sympathetic response. At those points in 
~ the central nervous system where the two pathways are identical, any 

| ‘pathological lesion resulting i in sensory changes should likewise result in , 

corresponding changes in the sympathetic responses to the stimuli. 

ooo Conversely, where the two pathways are not identical, there should | be a 

_ dissociation of the sensory changes and the sympathetic responses. | 
Accordingly, a series of patients with lesions of the nervous system at. 

i various levels from peripheral nerve to cortex were selected for study. — a The 2 

— Poa all presented marked sensary changes, either a decrease or an 























: > 1 Work undertaken in the Research Unit, The National Hospital, Queen Square, ` 
adon, under the tenure,by Dr. Marquis of a Rockefeller Travelling Fellows a 
~and by Dr. Williams of a Halley Stewart Research Fellowship. 2 
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METHOD. i 
The technique used in recording vasomotor responses has been described, 
in detail elsewhere (Bolton, Carmichael and Stürup, 1936). A small glass- 
plethysmograph was placed on a finger or toe and sealed with zinc oxide 
paste. The plethysmograph was connected by pressure tubing to a tambour 
on which was mounted a mirror which reflected a beam of light to the 
slit of a continuous film camera. The optical magnification provided a 
recorded excursion of approximately | mm. per 10 c.mm. of finger volume 
change. (see fig, 1). . 
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A Fic. 1.—-The vasoconstrictor responses to equal stimuli on skin areas of differing. 

- sensitivity.. The volume of the right middle finger and the respiratory. phases of 
Case} are recorded, The record reads from left to right, the arrow points in: th — 
direction of an increase in finger volume, and time is recorded in seconds, At 
first signal a single pin-prick was made in the hypalgesic area, causing a defi O 
5 mm., at the second a similar prick on the normal skin caused 15 mm. deflection, — 

at the third the same stimulus on the hyperalgesic area caused a deflection of 
3 mm. of the oe beam of light. 






| The. sensory stimuli employed tg ev oke the vasomotor responses were 
carefully calibrated and standardized to ensure the objective equality of 
stimuli applied to normal and affected regions of the body. The pin-prick 
stimulus was delivered by means of a modified Head algesiometer, with — 
which the intensity could be varied by adding or removing weights, After | 






















ESPONSE TO PAIN | 


preliminary experiment two intensities were selected for aubsequent work. | 
nese have been designated as “ weak ” and ‘ ‘strong” pin-prick. The 
ormer was normally perceived as sharp but not unpleasant ; the latter 
was definitely painful and when applied without warning was api wO 
provoke retraction of ‘the part stimulated. | 2 
Pressure stimulation: was applied with a calibrated spring instru ent 
yich indicated pressures of l to 10kg. The contact surface was a rour di 
elite button | cm. in diameter. — 
BESS Temperature. stimuli were ®btained by the application of flat-bottomed 
ae copper calorimeters, 5 cm. in diameter, which were filled with water of | 
-measured temperature. Stimuli designated as “ hot” were between 45° and — = 
<50? C.; the “cold” stimuli were between 0° and 10° C. oe 
: Stimuli were applied to the patient in a predetermiħed random order — 
a various points on the body in order to avoid any marked adaptation 
effects. Sufficient time elapsd between stimuli for the return to the basic 
dilated state. Note was made of any verbal or expressive indications of 
_ the painfulness of the stimuli, and at one or more times during the experi- 
_ ment the patient was asked to compare systematically the sensory qualities 
of the stimuli on the normal and affected parts of the body. 

Since previous experiments in this laboratory have shown that the 
response to sensory stimulation is invariably in the direction of vasoconstric- 
tion, records were taken only when the skin vessels were maximally dilated. 
This provided a constant background condition for all cases, upon which 
the vasoconstrictor response was clear and definite. The dilatation was 
brought about in most instances by immersion of both legs in a water bath 
at about 43° C. 

_... In some cases plethysmographic records were obtained from a — 
both the right and left hands, but in no instance was any constant differ- 
| ; ence between the magnitude of the responses on the two sides noted. The —— 
results, therefore, are reported for one digit only. This was usually the 
one on the unaffected side: of the body, since the record was less disturbed. 
Dy tremors or involuntary movements. 
Simultaneous photographic records of the respiratory movements of the 
+: thorax were made in order to identify and eliminate from consideration 
those vasoconstrictor responses which follow deep inspiration. E 
Five normal young post-graduate students and twenty-three patients. 
th focal lesions of the nervous system involving sensory pathways were _ 
amined. The abnormal patients were chosen with predetermined _ 
teria in view. Their lesions were clinically well localized and in four — 
e verified at operation. They had definite subjective sensory chang 
were co-operative, and had normally responsive peripheral vascular 


































o compa e the results obtained j in , patien : thalamic syndrome - 


— an attempt was -made to obtain some subjects” with hyperalgesia as 3 well 


l — i those with hypalgesia. 


n eliciting vasoconstrictor responses. Table F presents a summary of 





OBSERVATIONS. oo 





‘To evaluate the results obtained from the p patients with various lesion — 
¿vof the nervous system it was necessary to demonstrate in normal subjects — 
that stimuli on the right and left sides of the body were equally effective — 





-data obtained from studies of the normal control group with various types 


of stimulation. 
+ 


| TABLE L- 

Comparison of the vasoconstrictor responses in normal subjects to stimuli on the 
two sides of the body. Each value represents the mean of from 10 to 20 
responses, expressed in millimetres of deflection. The columns headed “i” and 
“P™ represent the statistical significance of the difference. as explained in the 








text. 
| | | 
Subject | Stimulus Right Left. | Difference t | P 
ee a a Erroneo ee a e a e a a een rea en 
| | | 
1 | Strong PP* 14-9 15-0 l 0-1 0:035 | 0-9 
| Cold 23-0 24-4 171 0:196 | Yg 
2 | Cold 36-7 | 377 | 10 0-157 | 0-8 
i i . 
3 Strong PP 27:2 | 32-0 | 4-8 0-869 § 03 
| Cold 40-3 | 39 | 36 0-526 | 0-6 
i i H 
4 | Strong PP 14-9 | 14-2 | 0-7 : 0-215 0'8 
5 | Strong PP 32:6 | 304 2:2 0325 | 07 
Cold 228 | 24 1-4 | 0:269 | 07 





* Pin-prick. 


re the e variability of vasoconstrictor, dae seem was too . gree a ei aN) He? 


= n — all —— be m a ae are mean: —— 
from i ten to twenty individual measurements. | 


ve k the sistas significance of the differences between means was computed by 
Fisher's: (1932) method for small santples. The ratio of the differences to the 


aoe estimated standard error of that difference is called 4, and from appropriate tables 


the probability (P) of the observed difference arising ‘by chance is determined. 
When P is less than 0-02 (which signifies that the difference in question might be 
expected to occur fewer than | twice in 100 samples drawn at random es a hom 
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Ta ‘able t hat a none ak ‘the —— is — anu to (~~ oida 4 as any- 
gh but — differences. k was also — that there were — diferetices 













— in oal prey er the size of the vasoconstr ric 
— sponse and the objective intensity of the stimulus. With inci 
— severity of stimulation, and therefore greater subjective sensory inte 
< the objective vasoconstrictor response was also increased. This may 
illustrated by reference to Cases 3, 4, 12 and 15, with whem different i inten- 
sities of pin-prick were employed. The results presented in Tables HI and 
-IV show that when the stimulus to either the normal or the abnormal area 
was increased, there was a corresponding increase in the mean vasocon- 
_ strictor response. Quantitative confirmation of this relationship has been 
-obtained recently by Hovland and Riesen (1938), who recorded the vaso- 
constrictor responses to four intensities of electric shock, presented’ in 
random balanced order to eight normal subjects (Table H). . 



















TABLE H. 


Magnitude of vasoconstrictor responses in relation to intensity of electrical stimula- 
tion. Each value isthe mean of about 12 responses in each of 8 normal subjects. 
The stimuli ranged by approximately equal steps from a very mild shock (1) toa 
moderately intense shock (4). Quoted by permission from unpublished data of 
C. L Hovland and A. H. Riesen. 










Strength of Vasoconstrictor 
shock response (mm.) 

—1 11-3 

2 16°5 

3 19-7 

4 24-4 


| The fifteen patients with diminished or exaggerated sensitivity. to 
somatic stimulation have been considered in two groups. One group is 
composed of ten patients whose sensory disorder was due to Involvement 
of the sensory pathway at some point below the level of the thalamus. The 
-other group contains five patients with lesions at a thalamic or cerebral 
level giving rise to sensory changes.” The former group contains two 
patients with. involvement of the “peripheral sensory. pathway, one with — 
-dorsal root involvement, four with lesions of the spinal cord and three with — 
lesions in the medulla or pons (fig. 2). Brief summaries of the clinica 





























A CASE “LOCATION 
a 4, iB. ` CEREBRUM 
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POSITION OF THE LESIONS IN 
THE SENSORY TRACT 





Fic, 2. 






>? i. Cases wia a , lesion of the sensory. tract i below the level of 
— thalamus. a 


£ reas of hypo- and. hyperæsthesia due to involvement fa a 
erve in scar tissue, . 











Along t thie pecker — of the car the eer ae 
eral minute areas sof t hyperalgesia where pin-prick was felt as an unpleasant; 











TABLE HI. 





Direction of i | Normal Affected 















































I. sensory change | Stimulus | region region Diterene . 
— | — i oe eee — — * * 
| Hyperæsthesia Strong PP. 201 360 +159) 306 
Hypæsthesia | Strong PP 201 15-1 30) 101 60 
: | | | — 
Jeri | Hyperæsthesia | Strong PP 79 179 | +100) 320 OH 
| Cod  — 74 160 |+ 86) 268 Of 
a | | Pressure > 27 2 16S | ESS |: 643 0 
Dorsal 8 | Analgesia | Strong PP OL | 22 | = 6-9 | 1-94 | O07 
7 | = | Cold |123 | 12 | anal 250 003 
Dorsal 5 | Hyperæsthesia | Weak PP 5-0 9-8 + 4-8 | 1:58 | 0-1. 
| ~ Strong PP 77 153 | + 76 2-01 | 006 
Pressure 67 43 | + 76) 166 | OE. 
| E Cold 23 123 | +100| 386 | 0-01 
i i 
| Lumbar 1 | Hyperæsthesia | Weak PP. 10 ; 22 | + 12) 148 Od 
| | ‘Strong PP) 20 91 | + 71, 396 001 
| | Cold” | 23 129 | + 106. 6-81 | 0-01 
| | “Hot 17 | 45 | 4 28! 243 | 0-03 
i f } sages 
| | — 
5 | Dorsal 8 | Hypæsthesia | Strong PP 87 Ta — 63; 339 | OL 
3 | (Cold | 17-9 | 25 | ~ 15-4) 670 | 00 
64 Dorsal 4-8 | Hyperzsthesia — PP 5-9 | 209 + 150, 3532 : 
; { | Cold | 70 i 27-2 i + 202 4-41. 
i i i Í ł 
: | g 
Cervical 2 | Hypæsthesia | cold | 128 | 33 | * 9-5 | 3°46 © 
8 | Medulla Hypaesihesia | Strong PP) 68 26 | ~— 4-2 | 2°30 
ca cor | 25 2:3 | — 02 010 
| l 
Medulla | Hypæsthesia | Strong PP) 97 6-0 |= 37, 127 
| | Cold | 76 | 41 p= 35) 150... 
i — 
Pons | Hypæestbesia Strong PP) 11-9 37 — 82 | 3°03 
: Cold” | 86 | 49 |= 37) 103 
st | ! i 


a shock-like sensation, unlike fë ordinary sharpness of a pin. There was no radiation J 
yf the sensation. Tt was more unpleasant than pricking on the normal areas. 
The vasomotor — to —— on the normal — caused an eee | 









“of peripheral nerve inm 
, sequent chordotomy. 





wi C a a — — under Dr, E. A. Carsnichaet 3 in June, 1936, had extreme 


peresthesia_ with spontaneous pain in an amputation stump of the right leg. 
Following a spino-thalamic section at the 8th dorsal segment there was analgesia 
below this level, with complete relief of his symptoms. Sensory examination before 
G “operation was as follows: In the distal third of the stump there was an area of- 
hyperesthesia where light touch had a rasping quality, “like sandpaper,” deep 
pressure could not * tolerated at all, and pin-pricks caused violent withdrawals and 
were described as “like electric shocks.” Cold jfroduced a similar emotional over- 
“response. Accurate descriptions of the sensations could not be obtained because of 
the subject's deafness and limited intellect. It was evident from comparison of% 
the response to stimulation in other areas, however, that the Maupin tees was | 
. profound. l 
After operation there was analgesia to pin-prick, heat and cold below the &th 
dorsal segment on the right. Pin-pricks were felt as dull tapping, but on extremely 
-violent pinching with forceps a sensation of unpleasantness could be felt. Ice was 
described as a pleasant warmth below the level. There was a normal response to 
noxious stimuli elsewhere, ' 
Before operation the vasoconstrictor responses to pin-prick and ice in the hyper- 
æsthetic areas were over twice as great as on the normal side, while the response 
to pressure was six times as great. After operation the responses to pin-prick on 
the normal side were four times as great and to ice were ten times as great as from 
the analgesic area. 








Case 3.—Post-herpetic hyperasthesia, 


W. H., a male, was an outpatient under Dr. J. P. Martin on February 2, 1936, 
In the hyperssthetic area, which had resulted from herpes zoster of the right 5th 
dorsal segment, pin-prick was sharper and more painful, cold was colder, and 
pressure had a lower threshold and was more painful than elsewhere. 

The vasoconstrictor responses to weak and strong pin-prick, pressure and cold 
on the affected area were increased from two to sixfold. 


Case 4.—Hyperasthesia due to a spinal cord lesion. 









s S. T: a male aged 27, was admitted under Dr. Grainger r Stewart on January. 
` 1936. There was a progressive paraplegia with flexor spasms in both legs anc 
sensory level at the first lumbar segment. Posterior column sensation was al: 
completely spared. There was increased sensitivity to pain and thermal stimulati i 
lo. pin-prick there was ov eraction above a raised threshold, the sensation of sharp- 
ness. being lacking with moderate stimulation and a more painful component being 
_ present on ronger: stimulation. 
-. Moderate changes in temperature were normally appreciated, but there was 
a marked overaction to extremes of temperature. cold first felt burning hot and 

later felt cold, with a sharp pricking component. Heat was felt as normal below 
50° C.. but above this it was painfully hot and felt sharp. There was also a 
prolonged after-sensation. Pressure pain did not appear to be affected, 

There was a significant increase in the vasoconstrictor response to graded painft 
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* the — area, 7 a eaused six times the: response irot the —— area,. 
ile heat gave twice the normal response. 







Case 5—Hypæsthesia due to lesions of the spinal cord at C.3 on the 
right, and D.8 on the left. 


V.O., a male aged 45, was , admitted under Dr. E. A. Carmichael on May 20, 
7 . There was marked diminution to pain and thermal sensation on the left 

T5 side of the neck, with wasting of the left shoulder muscles. There was also sp 

` paraplegia with diminution in posterior column sensation in the legs and 
— lateral column sensation below the 9th thoracic segment on the right. The ave rag 
-vasoconstrictor response to pin-prick on the normal skin surface was six times as- 
7? Breet and to ice was seven times as great as on the hvpalgesi® areas on the right. — 








ae ase 6.—Hyperesthesia following spinal cord injury. 


k H B. a male aged 36, was admitted under the late Dr. James Collier on. 
s Se T tember 25, 1934. Following an accident the patient had spasticity and weakness 
F of the left arm and leg, with hyperzsthesia to all forms of sensation below the- 
4th dorsal segment on the left, and the 8th dorsal segment on the right. It 
- was much more marked on the right side, and was most severe distally. Details 
of the sensory changes at the time of the experiment were as follows: Pin-prick was 
sharper, more sore, and hurt more over a greater area than normal. It radiated 
for a few inches from the point of stimulation. Moderate cold was described as 
stinging, scalding, and “like ice.” Heat was not appreciated as heat, but hurt and 
had a stinging quality in it. Light touch was described as stinging; it had an 
unpleasant tickle and felt stronger. Other forms of posterior column sensation 
were much diminished in the legs, the left being the more affected. The vaso- 
constrictor responses to pin-prick and to ice on the hyperalgesic area were increased 
nearly fourfold compared with the responses from the normal area. 





Case 7.—H ypæsthesia due to spinal cord tumour. 


cio o D.B, a female admitted under Dr. C. P. Symonds, had an extra-medullary o 
-neoplasm causing damage to the spinal cord at the second cervical segment, with 
~ resulting hypesthesia below this level. There was marked hypalgesia on the left. 
‘The vasoconstrictor response to cold stimuli applied to the normal and abnormal 
areas was investigated. From the hypalgesic area it was diminished fourfold. 


Case 8.—Hypesthesia due to a lesion of the medulla. 


H. H. a female aged 39, was admitted under the late Dr. S, A: K. Wilson on 
July 27, 1936, with the syndrome of thrombosis of the right posterior inferior cere- 
-bellar artery. There was diminution in p&in sensation over the first division of 
the right trigeminal} nerve, with diminution in pain and temperature sensation on 
- the left side of the body which was most marked peripherally. In the left leg pin- 
prick was appreciated as a blunt and rather unpleasant sensation. Cold was- 
felt as cold, but it was not at all unpleasant. It approximated more to touch 





milarly heat. 
: —— was no 





inferior cerebellar artery. The sensory ya at the time of the experiment y wa | 
as follows: Moderately firm pin-pricks were felt as vague pressure, but hard pricks - 
caused a pain like an electric shock. The threshold for this sensation was higher oe 
than that for pain om the left side of the body. Cold was felt as a warm sensation, ` 
hut lower temperatures evoked an unpleasant tingling sensation in addition, Cortical 
=< forms of sensation were normal. 
On the affected side strong pin-pricks caused a vasoconstrictor response of three- 
¢ quarters of the normal, and ice of about half the normal. 





Case 10-—Hypailgesia due to a tumour of the pons. 


L, S., a female, admitted under Dr. E. A. Carmichael on August 19, 1934, was 
< found at operation to have a cystic glioma of the posterior part of the upper third 
of the pons, extending into the 4th ventricle. The clinical signs corresponded to. 
a lesion at this level. There was relative analgesia on the left side of the face, 
and absolute analgesia of the right side of the body. To pin-prick there was a 
“numb sensation with an element of unpleasantness, and ice felt like “some 
thing smooth,” but was not interpreted as cold. Other forms of sensation were 
unimpaired, ; 
The average vasoconstrictor response to pin- prick applied to the normal side 
of the body was three times as great as that resulting from stimulation of the 
analgesic side, while the response to cold on the normal side was nearly twice 
as great. 









z The data for the patients in this first group is summarized in Table IH. 
~ It will be seen that vasoconstrictor responses closely paralleled in mag: 
tude the subjective intensity of the sensation. In cases with diminish 
nsitivity the vasoconstriction elicited by stimuli applied to the affected 
Bin was s smaller than normal, and in cases with exaggerated sensitivity. 
striction was larger than normal. In every instance the differ- 
e between the mean values for the affected and normal regions of the 
? ly i js in the direction corresponding to the sensory change, and in more 
than half of the twenty-six comparisons the difference is statistically 
~~ reliable (ie. there are fewer than two chances in one hundred that the: 
observed difference is due t to chance). 
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Case 2 provides further definite evidence that the afferent spinal path- 
jay for the vasoconstricjor response is identical with that for conscious 
erception of pain. The exaggerated sensitivity to stimuli in the region of 
he amputation s scar was accompanied by a greatly increased vasoconstrictor - 

onse. Followi ing the cordotomy there was complete analgesia on the- 
t side below the level of the 9th thoracic segment, and the vasocon- 
‘tor responses . likewise dropped almost to a zero value. There remained 
ra few small responses such as are elicited in normal subjects by lig! 
contact stimuli. It is evident shat the lateral spino-thalamic tract was th 
: afferent pathway for the hyperactive v asoconstriction response as well a 
~~ the sensory hyperzesthesia. 


_ Group lH.—Cases with a “ thalamic syndrome” or with extensive cerebral 
— destruction. 
Case 11-—Hyperpathia resulting from a thalamic lesion. 


| C FEG., a male aged 26, was admitted under Dr. Gordon Holmes on October 3, 
1935. Following an accident there was a gradual onset of left hemiparesis with 
left sided sensory impairment and paresthesia. There was a left hemiplegia with a 
continuous tremor and cogwheel rigidity. This was associated with diminution 
in cortical forms of sensation and very gross overaction to pain and thermal stimu- 
lation. Sensory examination at the time of the experiment revealed the following 
changes. Cotton-wool felt “rasping” on the left side. There was diminution 
to light touch on the left side of the body, measured by von Frey’s hairs. Joint 
sense and two point discrimination were diminished on the left side, but vibration | 
appeared to be normally appreciated. There was marked overaction to cold and 
pain on the left side of the body. Pin-prick was much more unpleasant, and cold ae 
was either “icy” or “ scalding ” on the left side. The patient winced involuntarily Ee 
when stimulated on the left, but not on the right. The right side of the body was ee 
‘normal in all respects. 
Pin prick, ice, and pinching stimulation or symmetrical points on the two sides 
of the body gave equal average vasoconstrictor responses. 










Case 12.—Hyperalgesia resuliing from thalamic lesion. 


G. J., a female aged 36, was admitted under Dr. Gordon Holmes on March 3, 

o 1932. There was a residual hyperalgesia as a result of a vascular lesion in the right 

< thalamus which had occurred seven years previously. When in hospital there was 

a tremor of the left side of the body, with left-sided paresthesia. Heat and rough 
— surfaces produced an “ uncomfortable feeling” on the left side, that side felt | 
“drawn up” and “tight,” and there was a vague constant pain on the left. Pin- | 
o pricks and scratching were more unpleasant on the left than on the right, and even 
— moderate heat was painful. Cortical forms of sensation were normal. At the 
time of the experiment much of this sensory picture had changed, but pin-prick 
os was definitely sharper and more unpleasant above a high threshold on the left, . 
: and extremes of heat and cold were more painful on the left side of the body. 
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Tad OR resulting — s thalami Jesion, 


H. M., a female aged 50, was admitted, under Dr, C. P. Symonds, on May 27, 
1936. Five years previously she had an emboli ic accident to the right thala ) 
te result of mitral stenosis. She presented the classical picture of the “ thalamic 

syndrome,” with spontaneous pain, left hemiplegia, and sensory changes. The 
— “spontaneous ‘pain was very severe, but the patient could not describe it accurately. 
On the left side pin-prick was diminished in acuity, but associated with a ri idiating _ 
and most objectionable- pain There appeared to be a raised threshold to p 
prick. Cold was not felt as cold, but as a scalding burning sensation, with a wic 
radiation. Pressure was accompanied by an unpleasant sickly aching sensation. ‘i 
Light touch gave a $ # nasty scraping feeling, ” described at various times as “ tickling = 
which is aat “scratching ” and “pins and needles.” Two point dis- 
-erimination, stereognosis, and joint sensation were much diminished. The right 
side was normal. 
: Vasoconstrictor responses to pin-prick and cold on the two sides of the body 
were identical. | 

















* 





Case IS. Hypœstltesxia due to thrombosis of the middle cerebral artery. 


T. S, a male aged 44, was admitted under Dr. E. A, Carmichael on September 9, 
1935. There was a flaccid hemiplegia on the right, with “ partial wasting,” follow- 
ing apoplexy nine months previously. There was diminution in the appreciation of 
light touch, vibration, two point discrimination, and joint sense on the right. Pain 
“was also impaired on that side, and discrimination of thermal difference was 
“diminished. Pin-prick was not sharp on the right side, and did not evoke as much 
“pain as on the normal side. 
The vasoconstrictor responses to pin-prick and to ice on the two sides of the 
body were equal. 


Case 15.—Hypesthesia due to a parietal ghoma. 











E. W., a male aged 32, was admitted under Dr. D. Denny-Brown on August 1, 
1936. He had a progressive flaccid hemiplegia on the left, with “ parietal wasting.” — 
ay here was profound sensory loss to all forms of stimuli on the left side. At operation 7 
a large subcortical astrocytomatous cyst was found and aspirated where it was. neal 
the surface, just posterior to the fissure of Rolando, | 
‘Sensation at the time of the ——— was as | follows : 





ion touch, vibratior m, 





-touch i im 
lation. "Moderate catd felt — on the ie andi ice . did ı not feel like i ice on the 
deft ; ; it evoked only a mildly cool sensation. Heat was appreciated only as warmth 
i on the deft when it was hot on the right. The difference between the. feeling of 
, pain and thermal sensations on the two sides was very marked. | 
The vasoconstrictor responses to mild and severe e pin-prick and to ice appl 

both sides of the body were identical 



















obtained — he — of vasomotor.: 
sponses i in the second, i, group of — The — stand in — 














F reqtiéats — the patients be —— to sit — | 
tinue the tests. Yet to these stimuli the vasomotor response was no 
_ than to the same stimuli applied to the normal side where they 
4 dured with no signs of discomfort. 










TABLE IV. f 
Comparison of the vasoconstrictor responses in the second group of patients to- 
- stimuli on the normal and affected regions of the body. The symbols are the 
same as in Tables I and III. 






















me 
i E 
an i ee Stimulus ae | piety — é | P 
[ks aie — | , — ae oo 
i : p ; p 
1i | Thalamus  Hyperæsthesia Strong PP, 104 ; 119 | + L5 0604 | 055 
| Cold 13-4 124 | —10 0463 06 
| : Pinch 16:7 1 163 | — 04 OA7L 068 
12 | Thalamus | | Hyperæsthesia | Weak PP 20 28 | + O38 © 0555 | 0-6 
| | ‘Strong PP} 32 87 | 45:5 1993 | 0-06 
| | | Hot | 19 22 +03 0220 08 
| Cold 144 133 | ~ DI | 0-204 0% 
43 | Thalamus — | | Hyperaesthesia | | Strong PP 40 i 3:7 — {3 0-186 -0R 
| Cold 2 50 | 49 = 0l: P2 209). 
Cerebrum Uypæsthesia — PP 107 BO | om 27 | 0654 683 
í 3 | Cold 146 | 165 +19 0463 5 06°: 
“| Cerebrum : Hypæsthesia WeakPP] 19 L3 = 00 0 0 
i ! | Strong PP 31:6 | 347 = + 3-1 | 0-524 POs 
| | Cold : ~<ge2 | (24 | +02 | O145 o8 
: ! | | i a 





Cases 14 and 15 are obviously not an adequate sample of cerebral — 
and have been included in this series merely to indicate the possible 
ects of cerebral destruction upon the vasomotor response. The two cases : 
re selected because of the definite and marked hypalgesia. The results _ 
ined showed no difference between the vasoconstrictor responses to 
muli on the normal and affected side of the body, but this finding must 
checked by more extensive observations. The cases are valuable, more- 
er, in presenting in the hypalgesia the converse of the sensory pictur ; 














| g a part of the thalamus itself c or * * ent fibres i in sme to ao 
thalamus.” J 

Considered as a group, the last five cases —— that lesions in the 

cerebral hemispheres cause no significant alteration | in the vasomotor 





“response corresponding to the sensory changes, while in the first group ane 


with lesions below the thalamus the vasomotor response varies in the same 
* direction as the subjective sensory responses 


$ 


. DISCUSSION. | z 
The peripheral efferent pathway of thev: asoconstrictor response has been 
shown by Stürup,eBolton, Williams and Carmichael (193 5) to be exclusively 
dependent upon the sympathetic nerves. The diminution in digital volume 
following sensory stimulation was abolished by section of the sympathetic 
innervation of the digit and remained unaffected by destruction of the 
dorsal and ventral root fibres supplying the digit when the sympathetic 
nerves were intact, as is the case in a cauda equina lesion. Destruction of 
peripheral sensory nerves rendered it impossible to elicit vasoconstrictor 
‘responses from the anzesthetic area. Doupe, Robertson and Carmichael 
(1937) showed that destruction of the dorsal root fibres in the cauda equina 
produced a similar result, thus demonstrating that the sympathetic nervous 
system in man depends for its afferent pathway on the somatic sensory 
-nerve fibres. 

Although the extramedullary pathway of the vasomotor arc has been 
established, its intramedullary course is not accurately known. Ranson and 
Billingsley (1916, b) have suggested, on the basis of experimental lesions in 
cats, that the ascending pressor vasomotor pathway in the spinal cord lies 
in the tract of Lissauer at the apex of the posterior horn. Evidence from 
the present study, however, demonstrates that the afferent pathway of the 


vasoconstrictor response is identical with the sensory pathway. Affections- p? 


of the peripheral sensory nerves, of the dorsal root ganglia, and of the i intra- 
spinal tracts which cause: increased or decreased sensitivity to somatic 


vasomotor responses. 





In the first group of cases, those with lesions of the sensory pathway 


o below the thalamus, the correlation between the degree of sensory disturb- 
ance and the alteration in the vasoconstrictor response was striking in every 





“subject. It is true that lesions of the central nervous system in man, how- 
ever discrete, cannot have the same localizing significance as experimental _ 
lesions in animals. Nevertheless, such a correlation makes it extremely. 








stimuli also cause a corresponding increase or decrease in the resulting | 





mental confirmation, of this conclusion is given by Case 2, in which an _ 


pathways are not identical in the cerebrum. In these five cases there was a 


thalamus receives its sensory input by way of collaterals leaving the ascend- 
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— likely that the sensory m vasomotor’ afferent pathways are identical. 

Furthermore, in both the normal and abnormal subjects, the vasomotor 
responses varied with the intensity and the subjective appreciation of the 
stimulus. Were the intramedullary afferent pathway of vasoconstrictor 
ponse different from that for pain, it is extremely unlikely that such a 


relation would have been found in all these circumstances. Experi 


















~ abnormally great vasoconstrictor response was virtually abolished | w 

- section of the spino-thalamic tract. a 

The lack of- correspondence, on the other hand, between subjective. — 

sensory intensity and vasomotor response in the second group of subjects— 
patients with thalamic and cerebral lesions—makes it evident that the two 


very profound alteration, both increase and decrease, in sensations evoked 
ue by stimuli which were adequate for the vasoconstrictor response, but there 
was no comparable change in the vasomotor response. Two reasons are 
possible for this—a divergence of the afferent sensory and vasomotor path- 
ways, or a termination of the vasomotor afferent. fibres below the level of 
the lesions. It is unlikely that the lesions in these five cases would all have 
spared the afferent vasomotor fibres, with such definite involvement of the 
sensory pathways. The more probable explanation is therefore that the 
central arc of the vasoconstrictor response is complete below the level of the 
cerebrum. Further evidence that the vasomotor arc does not ascend to the 
cerebrum has been given by Stiirup, Bolton, Williams and Carmichael 
(1935) who showed that diverse lesions of the cerebral hemispheres resulting 
in hemiplegia caused no change in the vasoconstrictor responses to sensory 
stimuli. On the other hand, Schwartz (1937) has reported that the removal 
of the area frontalis agranularis (Area 6 of Brodmann) of the cat’s cortex 
abolishes the galvanic skin response in the contralateral limbs to sensory 
stimuli such as noise, pinch and pain. Whether this result, which stands - 
in clear contrast to the absence of effect of cerebral lesions in man, will be 
found due to a difference in the subjects used, in the response studied, or. 
in the cerebral areas involved, must be determined by further observations. 
-From the present experimental knowledge of the central control of 
_ sympathetic activity and from unpublished observations which are being 
accumulated on the effect of lesions in man it would appear that the vaso- 
motor arc involves the hypothalamus. Since there was no overaction of the 
vasomotor response corresponding to the sensory overaction in the patients 
<: with the thalamic syndrome, it is plausible to postulate that the hypo- 











ek ing sensory tract before it terminates in the thalamus, rather than byo 















aval: of the céiebtal — and most t of the dörsal ene in 
cats did not abolish « ‘the sympathetic responses characteristic of “ sham 
3 rage” 
¿© The absence of cerebral influence upon the vasomotor response to 
% nai stimuli does not necessarily imply the absence of any influence 
upon other forms of vasomotor or sympathetic activity. It is clear that 
vasoconstrictor responses can be instituted eby word association, mental 
effort, fear and apprehension, and other processes which undoubtedly 
depend on cortical functioning. Many experimenters, whose i investigations | 
have recently been reviewed by Kennard (1937), have found that stimula- 
tion of the pre-Rolandic areas gives rise to vasomotor and other sympathetic 
changes. Moreover, the extirpation of these cerebral areas in animals, or 
their involvement in pathological lesions in man, may be followed by 
vasomotor changes in the contralateral limbs as evidenced by an increased 
or a decreased skin temperature relative to the normal side. The relation 
-of this form of cerebral influence upon vasomotor activity to the absence 
of such influence upon vasomotor responses to sensory stimuli awaits 
further experimental study. 

The existence of a vasomotor centre in the medulla has long been recog: 
nized. Electrical stimulation of the caudal end of the floor of the 4th 
ventricle in cats has been shown to cause at one point a rise in blood- 
pressure, and at another point a fall in blood-pressure (Ranson and 
Billingsley, 1916, a). That the medullary centre is not adequate for 
mediation of vasoconstrictor responses to sensory stimuli in man, however, 
is clearly shown by the results of Cases 8, 9 and 10. Lesions of the 
sensory pathway above the level of the med ullary centre caused marked | 
alteration of the magnitude of the vasoconstrictor response. It is likely 
that the centre in the medulla is concerned with vasomotor regulation i in 








response to vagus and associated afferent impulses and not to somatic — 
eS S, stimulation. 


If the vasomotor response to sensory ñ— is not affected by — 


ee : thalamic. and. cerebral involvement of the: sensory pathways, it should 

















follow that hysterical anæsthesia and hypnotically induced anæsthesia 
-should be without effect on such responses.. Levine (1930) found no change 








in the galvanic skin response to stimuli in’ the anesthetic region of 
hysterical and hypnotized individuals, but his data was not complete 
| enough for statistical comparison of the size of the responses. Sears (1932), | 
im a more extensive controlled study, measured certain skeletal and sym- 
pathetic responses in individuals rendered anæsthetic in one limb b 






























syndrome), it has been found that the pathological lesion some- _ 





there was clear evidence to the contrary. No exaggeration of vasomotor — 
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F hypnotic suggestion. Although. the flinching response and the change in 
respiratory movements caused by pain stimuli were eliminated by hypnotic 
anesthesia, there was no significant alteration in the size of the galvanic 
skin response or the sphygmographic record of the pulse. More specific 
“study of vasoconstrictor responses under hypnotic anesthesia will be pub- 
ħed in the near future. | 
- The results of the present study have bearings on the theory of emotion. _ 
— ccording to the well known James-Lange conception, the experienced 
-emotion is the perception of the muscular and visceral changes which occur 
-in response to the emotional stimulus. The quality and the intensity of 
the emotion will vary with the nature and magnitude of the bodily changes. _ : 
A correlation between the size of the sympathetic response and the reported — 
a intensity of pain was found in the normal subjects and,in the patients of | 
. Group | whose lesions involved the sensory pathway below the level of the 
> thalamus. This correlation does not imply an essential relationship, how- 
a ever, for in Cases |] to 15, the exaggerated or diminished sensory experience 
was not accompanied by any corresponding alteration in the magnitude of 
the vasomotor reaction. This result supplements the already large body 
of experimental data adverse to the James-Lange theory (Cannon, 1927). 
Prominent in recent discussions of the neurological mechanism. of 
emotion is the conception that thalamic function determines the nature of. 
emotion and emotional response subject to inhibitory control by 
the cortex. Two observations provide the foundation of this con- 
ception: (1) that decorticate animals respond to painful or emotional 
stimuli by an exaggerated reaction involving a generalized sym- 
pathetic discharge (Bard, 1929); and (2) that in certain patients 
exhibiting emotional overreaction to painful stimuli (thalamic 





times involves the region of the thalamus, and presumably interrupts a” 
- cortico-thalamic inhibitory pathway (Head, 1920). The first fact deals only _ 

with observed behaviour response ; the second, only with the reported — 
sensory experience. If the two observations refer to the same process, | 
however, it should be possible to demonstrate an increased sympathetic 
= response in patients with the emotional overreaction of the thalamic syn- 
© drome. In the three patients of this type studied by us (Cases 11, 12, 13), 
















2 reactions to stimuli which evoked intense ety nappies was 
observed. It is evident that the exaggerated “ emotion ” of decorticate 
animals and of patients with thalamic syndrome is not the same thing. 
Other evidence of a clinical nature has cast serious doubt on the explanation | 
of the thalamic syndrome as a release from cortical inhibition (y 7 
197; Davison and Schick, 1936). 








1 has bee i ) ic = eigd of r vasomotor 
€ anges i in j five normal subjects and fifteen patients with discrete lesions of 





—— the nervous system involving the sensory pathway. 


Levine, M: (1930), Bull. Johns Hopk. Hosp., 48, 331. 










It has been found that in normal subjects th 





ie vasoconstrictor responses _ oe 


a s equal stimuli on symmetrical skin areas are equal, and that they. vary ` 
directly with the intensity of the stimulus. 


In ten ‘subjects with lesions of the sensory. pathway below the level of 


the thalamus: the vasomotor response varied directly with the change i ines. 
the subjective appreciation of the stimuli, while in five subjects with lesions- 


of the sensory tracts in the thalamus or cerebrum, there was no effect on 
magnitude of the ‘vasoconstrictor response. 

The evidence presented suggests that in man the ascending pathway 
for the vasomotor response to somatic stimulation is the spino-thalamic 
tract, and that the vasomotor reflex arc is complete in the brain-stem below 
the level of the sensory thalamus. 
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vasoMor OR CONTROL OF CEREBRAL VESSELS. 
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(Boston). E 





° 
VASOMOTOR regulation in the brain is different from that in other 
. organs. In the past, investigators have laid great emphasis on the pave 
— ‘behaviour of vessels in the brain. Bayliss (1895) wrote: — — 


Soot... there is no adequate evidence that the cerebral —— have any vasomotor : 


eS ceattol ; the importance of the brain is such that its circulation is regulated bythe 


whole of the rest of the body, which is caused to accommodate itself, by constrictor 


~~ and Jourdan, 1936, a) compared with the effect of constrictor nerves in 


. and non-myelinated—on the cerebral vessels and meninges both in animals 


aaa get a clear idea of the part played by the vasomotor apparatus, 





7 — or dilator nerves, to the needs of the brain. (Bayliss, Hill and Gulland, 1895.) 


| The latter part of this statement, certainly, is confirmed by recent 
careful observations—-those, for example, of Rein (1931) and of Bouckaert 
and Heymans (1933, 1935) who show in detail how the carotid sinus and 
other reflexes cause a redistribution of blood in favour of the brain. In 
man satisfactory proof of the existence of vasomotor control of cerebral 
vessels is still lacking (Carmichael, Doupe and Williams, 1938). 

. During the past few years, however, workers in different laboratories, 
using different experimental methods, have obtained convincing evidence 
that in animals cerebral vasoconstrictor nerves do exist, but that they exert 

-slight influence on arterial calibre (Forbes and Wolff, 1928 ; Forbes, Finley 
and Nason, 1933) or on cerebral blood flow (Schmidt, 1934-35, 1935-36; 
He Noyons, Westenrijk and Jongbloed, 1936; Norcross, in press; Bouckaert. EERS 

















-o other organs. Many other workers are in agreement with these findings i 
(inesigner and Putnam, 1933 ; Franke and Seager, 1932 ; Aske-Upmark, ‘ 
1935 ; Thomas, 1936; Tinel ane Ungar, 1936; Fog, personal communica- 
=- tion. A vasodilator mechanism has also been described (Cobb and > 
 Finesinger, 1932; Chorobski and Penfield, 1932; Forbes, Nason, Cobb 
‘and Wortman, 1937). Furthermore, improved histological methods have 
demonstrated beyond question the presence of nerve fibres—myelinated | 


— | and in man (McNaughton, 1938). 
may be well to review the many factors which regulate the blood 






ect, or extracerebral and cerebral aT (Table D 





FACTORS REGULATING BLOOD FLOW IN BRAIN. 
T Extracerebral 


= Systemic Arterial Pressure ® 
J Cerebral _ | 


_ Active Changes in Arterial Callie, due i Oi 


A. Direct. trauma. 

B. Ghemical changes in arterial plood—CO, : ; drugs. 
C. Asphyxia of tissues from slow blood flow. 

DÐ. Local neuron activity—local increase in flow. 
E. Vasoconstrictor nerves—sympathetit. 

F. Vasodilator nerves—parasympathetic. 





Passive Changes in Arterial Calibre. 


EXXTRACEREBRAL FACTORS. 
The Systemic Arterial Pressure. 

This factor appears to dominate all others. The arterial pressure, in 
: ‘turn, depends on complex reflexes from the cardiovascular centres of the 
- central nervous system, the carotid sinuses and other reflex mechanisms. 
- These reflexes, therefore, play a vital part in controlling the supply of blood 
¿to the brain (Bouckaert and Heymans, 1933; Weiss and Baker, 1933). 
-Other factors contribute to this end: the resistance of arterioles through- 
zout the body, the amount of venous blood returned to the heart and the 

_ state of the heart itself. . 







CEREBRAL FACTORS. 
Active Changes in Calibre of. Cerebral Arteries. 






Such — in calibre, due to changes in tonus of the arverial wal 
y: overcome moderate or gradual fluctuations i in arterial pressure ( (Fog, 
Torbes, Nason and Wortman, 1937 ; Fog, 937). Thus, when active 

; occur, we “usually find arterial. constr iction following a rise in 






or. By the term “ active — in calibre ” we mean changes due to alterations 
in the state of contraction and relaxation of the muscle fibres of the arterial. walls 
` (tonus). The fact that the arteries do not behave like inert collapsible tubes (v rying 






cin size directly with. the internal pressure) indicates that active work 1 is pel 
by their walls. i Z : | — = 















— blood-pressure and dilatation. _ following a fall, An — for this | 
_ inverse relationship between arterial calibre and intravascular pressure is 
-suggested below in paragraph (c). 
© > Active changes in calibre result from the following conditions : — 
(a) Direct trauma to vessel walls. =e 
— = (b) Changes i in chemical composition of the arterial blood. Variations 
imn tension of arterial CO, are of first importance, for CO, strongly dilat 
: call cerebral vessels (Wolff and Lennox, 1930). Many drugs- (nitri es, 
~ alcohol) and inhaled gases (CQ, H,S) act in a similar fashion. Tao 
(c) Asphyxia of the tissues due to slow blood flow (termed by Van Slyke oe 
“ stagnant anoxia”). This condition in the brain may result from general 
or local causes: low blood-pressure, high intracranial pressure or occlusion _ 
of vessels supplying the brain. In all of these states ewe have seen the a 
cerebral arteries dilate (Forbes, Nason and Wortman, 1937). Partial com: 
i a pensation for the slowing of blood flow is thus established. The dilatation 
4s probably due to a chemical (asphyxial) effect on the arterial walls,’ not 
oe to a nerve reflex, for it is unaffected by cocaine or by atropine applied 
-locally to the vessels (Forbes, Nason and Wortman, 1937). When the 
blood-pressure rises again, the relaxed walls may dilate still further for a 
few seconds, but then (while the pressure is still rising) constriction steadily. 
takes place as the asphyxial condition is relieved by the more rapid flow. 
(d) Regional activity of the brain. There is evidence that active areas 
of grey matter have a local vasodilatation (Cobb and Talbott, 1937; 
Feitelberg and Lampl, 1934-35 ; Gerard and Serota, 1936). This may be 
due to a local increase in CO, or other products of active cellular 
metabolism. 
_{e) Activity of cerebral vasocenstrictor nerves (sympathetic). 
_ (f) Activity of cerebral vasodilator nerves (parasympathetic). 
- These last two conditions have less effect on cerebral blood flow than the 
chemical. conditions mentioned under (b), (c) and (d). 










Passive Changes in Calibre of C erebral Arteries. 











-Distension or slight narrowing may occur during abrupt fluctuations 
Oe of blood- -pressure. Such changes in calibre are obviously due to mechanical _ : . 





ie t A possible explanation for this effect may be the following: the muscle Bores: n 
within the arterial walls produce CO, as a result of their own metabolism. The 
= CO, diffuses into the lumen and is carried off by the blood. When the rate of 
— blood flow is diminished the tension of CO, increases in the muscular coats, owing 
SO to delayed elimination through the lumen, The increased tension of the gas S 

relaxes the muscle fibres and allows the intravascular pressure to dilate the artery: 


2 These changes, although ocurring within the brain, are really of extracra 
` origin, for they depend on changes in arterial pressure. 








= intravascular pressure n may cause extreme : dilatation. | 
~The main object of this paper is to- discuss the neural vasomotor 


— — of the brain and to present in some detait the results of recent 
experimental work. Various methods have been used, both indirect and 


_ direct. Each method has its advantages and its drawbacks. These have 


been reviewed critically by Bouckaert and Jourdan (1936, a). The recent | 
indirect evidence will be given first. r é 


Vasoconstriction: 


Schmidt { 1934-35, 1935-36) and Schmidt’ and Pierson (1934), using a 
thermo-electric method, obtained evidence of retarded flow on stimulation: 
of the cervical sympathetic nerve. This effect was noticeable chiefly in the 
parietal cortex, less in the hypothalamus and still less (or doubtful) in the 
medulla. The change in flow appeared to be independent of changes in 
blood-pressure, but the extracranial circulation was not excluded in these 
experiments. : : 

‘Noyons, Westenrijk and Jongbloed measured changes in blood flow 
with a Gibbs’ thermo-electric recorder imbedded in- the cortex of dogs, 
cats and rabbits (the latter non-anesthetized). The results. confirm those 
of Schmidt: stimulation of the cervical sympathetic trunk caused a slight 
retardation of the cerebral blood flow coincident with a strong constriction 
of the arteries of the ear and a small rise in blood-pressure. 

Still more recently Norcross has also completed a careful investigation 
using similar methods. His results confirm those of Noyons and of 
Schmidt. 

- Bouckaert and bada (1936, a), using three different methods, 
eliminated completely the extracranial circulation by a radical operation, 
and perfused the isolated head. On stimulation of the cervical sympathetic 

o nerve. they. obtained evidence of vascular constriction and a reduced flow 


o “through the brain. Many investigators using perfusion experiments have _ 








obtained similar but less convincing evidence. Their work is summarized. l 
by Bouckaert and Jourdan. - 
i — our own laboratory, by the use of a cranial window and microscope, 
yave obi tyed Vand: recorded the changing diameters of vessels in the 
i For this work we have used mostly 
cats, a é few dows ae — —— Our findings, some of them not yet 
published, may be summarized as follows:— 
‘Ina large series of experiments, on more than 300 animals, stimulation 


of the cervical sympathetic 1 nerve has resulted consistently i in constriction po — — 
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of arteries in the pia. We have found that the sympathetic fibres responsible 
for the reaction pass thrpugh the middle ear in close association with the 
caroticotympanic nerves. [he latter serve as pathways for the sympathetic 
fibres which dilate the pupils (Kuntz, 193+). Sympathetic nerve fibres via the 
stellate ganglion and vertebral nerves exercise no influence, so far as we 
could determine, on pial arteries of the parietal region. The time relations 
and magnitude of the response can be seen in the graphic records. 
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IPSILATERAL CONTRALATERAL 
— — SVMPATHE FIG — 
Fic. 1.—Stimulation of the ipsilateral and w contralateral sympathetic nerves 
(coil distance 12 cm. in “A” and “ B”). A. Ipsilateral sympathetic: The pial 
artery, 143 «u in diameter, constricted 5 per cent. B. Contralateral sympathetic: 


The same pial artery did not change, The blood-pressure changed little during 
either stimulation and the cerebrospinal fluid pressure fell each time in the same 
manner. In this figure and in figs, 2, 3, 5, 8 and 9 the signal line (when shown) 
is at the bottom, and two vertical lines indicate the period of stimulation. The 
time marker records five second intervals, The stimulation was made with a 
faradic current (Harvard inductorium), 


The chief characteristics of this afterial constriction are as follows :— 

(1) It is strictly ipsilateral, that is, the vasoconstriction occurs only on 
the same side of the head as the nerve stimulated. No exceptions to this 
rule have been observed (fig. 
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hise 





A p 


. 

Fic. 2.—Stumulation of the cervical sympathetic nerve, showing a falling, a rising 
and a constant blood-pressure during the stimulation (coil distance 13 cm. in “ A” 
and 12: cm. in “ B and “C:’”’). A. The blood-pressure (178 mm. Hg.) fell 
l4 mm,; and the pial artery, 1694 in diameter, constricted 8 per cent. B. The 
blood-pressure (88 mm. Hg.) rose 28 mm.; and the pial artery, 117 « in diameter, 
constricted 11 per cent. C. The blood-pressure remained constant (at 140 mm.) 
throughout the stimulation ; and the pial artery, 1144 in diameter, constricted 
14 per cent. The cerebrospinal fluid pressure fell with each stimulation. 
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Fic. 3.—Stmulation of the cervicad sympathetic nerve before and after the 
ipsilateral external carotid artery was clamped (coil distance 13 cm. and angle 
15° in both “A” and “ B ”). A, The pial artery, 169 in diameter, constricted 
10 per cent. B. The pial artery, 186, in diameter, constricted 7 per cent. The 
cerebrospinal fluid pressure fell with each stimulation, and the blood-pressure 
changed little during either stimulation. 


PLATE IX. 





(a) (fi) 


To illustrate article by Henry S. Fortes and Stanley S. Cobb. 


PLATE XN 





(a) (b) 


Ilia. G, a. 
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To illustrate article by Henry S. Forbes and Stanley S. Cobb 


PLATE XI. 





(a) (ù) 





(a) (b) 
Fic. 6, d. 


To illustrate article by Henry S. Forbes and Stanley S. Cobb. 
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(2) It appears to be independent of changes in systemic arterial pressure, 
since it takes place when the latter is rising, is falling, or is constant (fig. 2). 

(3) It occurs even when the greater part of the extracranial circulation 
is eliminated by clamping one or both external carotid arteries (fig. 3). 

(4) It occurs in the completely isolated head, perfused through the 
carotid arteries of another animal. This fact as well as its unilateral 
character show definitely that humoral substances are not responsible for 
the reaction (Pool, Forbes and Nason, 1934, a) (fig. 4). 

(5) It is abolished by the previous application of cocaine, nevocain, 
or ergotamine locally to the pial arteries under observation (fig. 5). Such 














8 p — 
————_——— SYMPATHETIC ————__——— 
BEFORE ERGOTAMINE AFTER ERGOTAMINE 


Fic. 5.—Stimulation of the cervical sympathetic nerve before and after ergota- 
mine tartrate (coil distance 13 cm. in “ A ” and “ B”). A. The pial artery, 182 u 
in diameter, constricted l1 per cent, B. 1 cc. of a 1:2,000 solution of 
ergotamine tartrate (“ Gynergen ”) was applied locally beneath the cranial window 
six minutes before this stimulation. The pial artery did not change. 


procedures would be expected to inactivate nerve elements In the walls of 
these vessels. The action of ergotamine confirms the fact that the nerves 
involved are of sympathetic origin. 

(6) It has been observed consistently only with arteries larger than 
50 in diameter (fig. 6). With the smaller arterioles and capillaries no 
consistent change in calibre has been seen. It is interesting that Penfield 
(personal communication) found histological evidence of nerve fibres only 
on arteries above this size. 






e age aria of only a 
— nm other organs, ore 


— in the br: ain i is slight. “When the cervical sympathetic nerve is prin: 
arteries in the skin constrict ten times as much as tltose in the pia (fig. 7) * 
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BEFORE. | 


STIMULATION OF CERVICAL —— 


PIA 





BEFORE 


TIMULATION OF GENICULATE. GANGLION 
PARASYMPATHETIC 


O AVERAGE CHANGES IN CALIBER OF ARTERIES 


Fic. 7.—The circles are drawn to show the average changes in the cross-sectional 
area of arteries after stimulation of the cervical sympathetic nerve and after stimu- 
_. lation of the geniculate ganglion. The averages were obtained as follows: 

O Stimulation of cervical sympathetic — Arteries of. -piaz > 100 stimulation 

— (30 cats and | monkey). Average diameter before stimula on was 1694. A 
constriction was 8 per cent. Arteries of skin: 10 stimulations (2 cats 
monkey). Average diameter before stimulation was 182 Average. constriction. 
was. 80 per cent. Stimulation of geniculate gangli _(parasympathetic)—Arteries | 

of pia: 115 stimulations (20 cats). Average diameter before stimulation was 195 x 

Average. dila tion was 16 per cent, | 
























and in the dura the arteries constrict almost eight times as much (Pool, 
F orbes and Nason, 1934, b). 

This accumulated evidence seems fairly complete. Some of our observ- 
ations, however, are at variance with the usual “picture of vasomotor 
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innervation, and no satisfactory explanation has yet been found for these 
atypical reactions.’ ° 

When the cervical sympathetic trunk is cut, and the superior cervical 
ganglion removed, we have seen no subsequent dilatation of the pial 
arteries that we were watching under the window. 

When cocaine is injected intravenously there is no evidence of increased 
sensitivity of the sympathetic vasoconstrictor reaction in the pia, such as 


Rosenblueth and Cannon have found elsewhere. 
> 
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IPSILATERAL CONTRALATERAL 
———*—- GENICULATE GANGLION — 


Fic. 8.—Stimulation of the ipsilateral and the contralateral geniculate ganglia 
(coil distance 13 cm. in “A” and “B"). A. Ipsilateral geniculate ganglion. The 
pial artery, 162 « in diameter, dilated 12 per cent. The blood-pressure (124 mm. 
Hg.) remained nearly constant throughout the stimulation. B. Contralateral 
geniculate ganglion. The pial artery, 159 « in diameter, did not change in calibre. 
The blood-pressure (128 mm, Hg.) fell 12 mm. 


No increased sensitivity of the arteries follows denervation. When the 
superior cervical and stellate ganglia are removed and suitable time is 
allowed for degeneration of the nerve endings, adrenalin applied locally 
to the pial arteries causes no greater constriction than it does in the normal 
animal (White and Forbes, unpublished). 

The venules in the pia constrict as*much as, or more than. the smal] 


' In recent experiments we have found that atropine solution (1 or 0-5 per cent.) 
applied locally to the vessels abolished the constriction due to sympathetic nerve 
stimulation. 
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arteries when adrenalin is applied locally. Also. the venules sometimes 
constrict in response to stimulation of the cervical sympathetic nerve 
(fig. 6, d). 


V asodilatation. 
oe 


Evidence of a vasodilator innervation was first obtained in a joint 
experiment with Penfield conducted in our laboratory (Cobb and 
Finesinger, 1932 ; Chorobski and Penfield, 1932). Ona sympathectomized 
monkey it was shown that stimulation of the facial nerve near the medulla 
oblongata caused dilatation of pial arteries*in the parietal cortex. This 
reaction occurred only on the same side of the head as the nerve stimulated. 


PIAL ART. 





A | Stim | 6 | Sim | 
BEFORE ATROPINE AFTER ATROPINE 


——GENICULATE GANGLION 





Fic. the geniculate ganglion before and after, local atropine 
(coil — 13 cm. and angle 20° in “A” and “ B”). A. The pial artery, 
182 « in diameter, dilated 14 per cent, B. 1 c.c. of a 0-5 per cent. solution of 


atropine sulphate was applied locally beneath the cranial window eighteen minutes 
before this stimulation. The pial artery, 188% in diameter, did not change. The 
blood-pressure rose promptly during each stimulation. 


The further evidence may be summarized as follows : — 

Anatomical and histological work by Chorobski and Penfield shows that 
nerve fibres pass from the facial nerve through the geniculate ganglion and 
the great superficial petrosal nerve to the carotid nerve ascending the 
internal carotid artery. i 
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Physiological experiment shows that: — 
= (1) Stimulation of the facial nerve at the geniculate ganglion causes 


s prompt dilatation of arteries in the pia-mater of the parietal region (Forbes, 





— Nason, Cobb and Wortman, 1937) (fig. 7). In these experiments the facial a. 
- herve was cut between the point of stimulation and the medulla. A 
~ (2) This reaction is always ipsilateral in character’ (fig. 8). 7 

(3) Vasodilatation occurs when the blood-pressure is normal at the 


beginning and remains nearly constant throughout the period of stimula- 
Stee This is important, beeause it has been found that if the systemic 


arterial pressure falls below a certain critical level the pial arteries always Le 
dilate as a consequence of the retarded blood flow. — 
(4) Local applications of cocaine and of atropine abolish this esietion, 


though they have no effect on the dilatation due to low blood-pressure. ae 
This action of atropine is especially significant since it indicates that para- — 


sympathetic nerve elements are involved (fig. 9). Ergotamine (locally) does 


© yet affect the reaction. 


< stantial agreement on several points ; that an intracerebral regulation does 


nected with the facial nerve pathway for dilator impulses to the pial arteries. Late 







— reaction caused by stimulation of the facial nerve. 


These observations have yet to be confirmed by other workers using 
different experimental methods. 


COMMENT. 
In regard to the functional importance of the cerebral vasomotor 
mechanism the evidence at hand warrants only a few suggestions. Since 
it is more effective in some parts of the brain than in others it may aid in 
diverting the blood from one region to another; it may help arteries to 
regain their normal calibre, as after extreme dilatation, and it may limit 
undesirable fluctuations and thus aid in maintaining a steady rate of flow. 
through the brain. But there is no evidence from experimental work to 
show that it can cause the arteries to shut down sufficiently to bring about 
ischemia. 
| SUMMARY. 
The former confusion regarding regulation of blood flow within the- | 
brain and its meninges has been diacihed by recent experiments carried i on 
independently in different laboratories. To-day there seems to he sub 


oS exist: that in this regulation chemical agents (especially CO,) play a major 


-| Tt was thought at first that the vagal centre in the medulla was somehow con- 


it. ‘was found that the bilateral dilatation of these vessels, which follows vagu 
“stimulation, was caused by the fall in blood-pressure, and was distinct fron 






















part; 



















that cerebral vasoconstrictor nerves ar but th ya 
> vasoconstrictor nerves al 


-only about one-tenth as effective in the pia as t 





"in the skin; that vasoconstrictor nerves are distributed unequally to 
different parts of the brain. Evidence has been obtained also for the 


existence of cerebral vasodilator nerves. ° 

© With so many regulatory mechanisms one might expect frequent 

~ changes in vessel calibre and in blood-flow, even under resting conditions. = = 
Such changes do not occur normally. The capillaries, at least in the pia, 
appear to be always open, the arterioles do npt change in size appreciably 

and the flow is remarkable for its steadiness. : | 
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LEGENDS FOR PLATES IX, X, XL 


" e Fic. 4. —Photomicrographs of pial vessels in the isolated head taken before and: S 
— ery stimulation. of the ipsilateral sympathetic nerve in the isolated head (coil 
di aia 12 cm.). The pial artery, 322 « in diameter, constricted 12 per cent. 1 
this figure and in fig. 6 the photomicrographs were taken with a Leica i r 

Persenso film, objective x 10, ocular x 10. “ A” indicates arteries or arteriol 

“V” indicates veins or venules. (ø) Before stimulation. (b) After stimulatio 


-= Fic. 6.—Photomicrographs of pial vessels taken before and after stimulat 
— the ipsilateral sympathetic nerve in four different experiments (coil distance: B. r 
dn A,” TL em. in “B” 12 cm. in “C” and “D”). A. The artery, 188 a- ee 
Ten ‘diameter, shows definite constriction. (a) Before, and (b) after stimulation. — B. The — 
largest artery in the field, 62 « in diameter, shows a definite constriction. Some of 
the veins and small arterioles constricted slightly, others appear to be larger. The 
_ photomicrograph taken after the stimulation was not properly focused and the 
_ photographic field was shifted slightly. Therefore, it is difficult to be sure about the 
smallest vessels; (a) Before, and {b} after stimulation. C, The venules and 
arterioles changed little, if at all, in this experiment. However, in the same experi- 
ment, larger arteries constricted in the characteristic manner after stimulation of 
the sympathetic nerve. (a) Before, and (b) after stimulation. D. The veins and 
venules show a marked constriction. The small arterioles also constricted in this 
experiment. (a) Before, and (b) after stimulation. 















Notices or Recent PUBLICATIONS, 


Ueber die Untersuchung der musikalischen F unktionen bei Patienten mit 
Gehirnleiden, besonders bei Patienten mit Aphaste. By H. J. USTVEDT. _ 
Helsingfors. 1937. Act. Med. Scand. Supplement, 86. Mercators_ 
Tryckeri. Pp. 737. (With French and English summaries.) 


The function of language occupies a special rank of obscurity in the provinces 
of both normal and morbid physiology. Light shed from any angle, however oblique, 
is especially welcome if it can in any way illumine certain aspects of aphasia. The 
role of the musical faculty in speech disorders, though hitherto somewhat neglected, 
possibly for reasons of technical difficulty, suggests a possible line of assault upon 
the major problem. This present monograph of Ustvedt’s is therefore twice welcome : 
first because it attacks an obscure but potentially important subject and secondly 
because it successfully emerges as a detailed yet shrewdly reasoned treatise. Previous 
contributions are singularly speculative and unhelpful, being largely concerned with 
isolated cases, inadequately studied—especially with regard to the general psycho». 
logical ; state. (Exceptions must be made in the case of Henschen and Feuchtwanger.) 
It is interesting to find that impaired musical function seems almost always to be 
associated with other psycho-somatic disorders—especially of speech ; pure musical 
defects do not appear to have been recorded as isolated phenomena. The author 
offers a number of suggestions for future research and demands a more systematic 
routine examination of musical function in normal as well as aphasic subjects. He 
points out that music must not be regarded as a mere appenage of speech, but 
rather as a totally distinct faculty which, though perhaps possessing a common 
origin, has early parted ways, losing almost all traces of symbolic purpose. A close 
and interesting discussion of the psychological nature of musicality is followed 
by a clinical section. The author’s material comprises nineteen cases, mainly of 
‘left-sided cerebral lesions. The case-records are very carefully analysed with _ 
| ‘sympathetic yet critical reference to the modern conceptions of aphasia due tò 


van Woerkom, Goldstein, and others. A lowering of the general emotional level o 
was demonstrable in the musical faculty also. Musical defects do not necessarily = — 
ccompany an abasement of the general intellectual capacity, and severe aphasia 


ay occur with a relatively unimpaired musical function, From his close scrutiny 


a a E of the data, -Ustvedt has to conclude that our knowledge is still far too superficial 
10 permit any generalizations as to the pathology of musical function. Questions 


of localization must also remain in the gir, although it is interesting to note that 
in every patient with symptomatic defects of musical function there has been a 
lesion. in the left hemisphere. One must bear in mind, however, that such 
material is of a selected character. 

Ustvedt’s monograph is undoubtedly the most important contribution to this 
aspect of the problem of aphasia, 
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Chemistry of — Brain, By Irvine H. Pace. London: Balliére, Tindall 
and Cox. Pp. 444, Price 34s. 


ye -The chemical changes occurring in the brain in disease offers a new field of 
a. — which has but recently received any serious consideration. The author in 

~ this extremely well- written and fully documented book has attempted to collect all 
the recent work on this subject, together with a detailed account of the chemistry 
of; those substances that occur normally in the brain. 












These various chemical substances have been discussed in a series of chapters, — 





othe latter part of each chapter containing the work that has been undertaken in 
oo various diseases in relation to sue@h substances. — 
Physical chemistry and oxidation processes have been treated in a amda manner. : 
One rather noticeable feature is the relative absence of discussion on changes found 
in organic nervous disease, but this is explained by the surprising lack of reliable : 
original work. 5 


A large number of observations have been made in mental disorders and these. cee 


are critically reviewed by the author. For the most part he has very ably discussed 


all the material at his disposal. 
One short chapter on the Brain and Thought, however, is hardly related to brain 


< chemistry. 
This work 18 a comprehensive survey and will be of great value to those who 


are interested in this subject. 


Occupational Treatment of Mental Illness. By J. Ivison RUSSELL. 
London: Balliére, Tindall and Cox. 1938. Pp. 231. Price 6s. 


This eminently practical handbook will be welcomed by all those who may be 
responsible for the care in institutions of patients suffering from neurosis or psychosis. 
It deals with the general principles which underlie occupational therapy, the adap- 
tation of this therapy to particular situations and full practical details as to its 
organization and carrying out. 


La Méthode Psychanalytique et la Doctrine Freudienne. Par ROLAND 
Darswæz. Bibliothèque de Philosophie Médicale. Tome I, Exposé, 





pp. 656. Tome H, Discussion, pp. 528. Paris: Desclée de Brouwer: 3 


1936. 50 Fr. each vol. 


The author, who brought to the examination of psycho-analysis a philosophical — 


training and outlook, offers here something more original and useful than- the j 
customary arguments or descriptions, wearisome in their sameness. His experience 
of the subject was gained in the clinic of Professor Claude, who contributes a pre- 


face. The volumes are of unequal merit. The first and less satisfying one, which 


the author prefers to call a mise-en-valeur of psycho-analysis, does not take account = 
of «modern developments of the subject, which, at any rate for English workers, 
are implicit in their method ; introjection, for example, is barely mentioned, if at all. > 
¿o The exegetical second volume, therefore, in spite of its admirable and temperate 
review of the fundamental issues, especially those of a metaphysical nature, negle 
the difficulties which the neo-Freudians know only too well: the divergencies of thera 
peutic method, interpretation and general doctrine which now make. ibid 





















o Le Systeme Nerveux Vegetatif. Par J. Tinet. Paris: Masson et Cie. 1937. 
Pp. 847. Price 160 Fr. | 

< This exhaustive monograph from the authoritative pen of Professor Tinel deals 

in detail with the anatomy and physiology of the vegetative nervous system in the. 







light of the most recent knowledge. The pharmaco-dynamic relations of the systernn 
to the ductless glands are fully described, and the formerly debated role of the o 
system to muscle tonus is discussed. 
_ Further chapters deal with the chief syndromes of the system, and their treatment. 
The monograph forms a valuable work of reference on its subject. It is 
admirably illustrated with anatomical diagrams and clinical photographs, 


Psychological Studies of Human Variability, Edited by Warrer R. Mires. 
Psychological Monographs : Dodge Commemorative Number. Prince- 
ton: Psychological Review Co. 1937. Pp. 415. Price $450. 


This volume of original papers is intended to commemorate the forty years of 
work in psychology by Professor Raymond Dodge. His earlier research into eye: 
movements and his lifelong concern with this subject are reflected in a number of 
detailed studies on visual function covering such topics as the effect of drugs on 
optic nystagmus, conditioned eyelid responses, the form of the vestibular eye-move- 
ment response in man, and the functional basis of spontaneous nystagmus. There 
are also many experimental studies dealing with the relation of muscle tone to 
vibratory sensibility, the adaptation times of the special senses, inhibition, and 
individual variations in memory and in sensitivity to vertical motion of the body. 
Professor Dodge's influence and activities at the Yale Institute of Human Relations 
may be traced in the investigations of children, coming partly from Professor 
Arnold Gesell and his associates, and in the more theoretical papers by Professor 
Kahn and others interested in medical, social or educational psychology. 
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PICK’S DISEASE—A SPECIFIC TYPE OF DEMENTIA 
BY IRA C. NICHOLS AND WALTER C. WEIGNER. 
(Butler Hospital, Providence, R.L). 


Pick (1892) first described certain progressive dementias showing lack ot 


| : ‘initiative, aphasias, and finally a vegetative existence terminating in a 







relatively early death from intercurrent infection, At first he thought of 
these cases as simple senile dementias, but subsequent observers, after care 
ful histological examinations of autopsy specimens, concluded that the 
condition Tequates a separate classification, and to it they gave the name — 
“ Pick’s disease.” 

Although the subject has obtained considerable Continental attention, 
there has been a relative scarcity of reported cases in the English and 
American literature. The present writers believe that the disease is prob- 





ably much more common than the paucity of reported cases seems to- oe 


indicate, and hope that the résumé of the condition and the case to be 
-= reported herewith will serve to further emphasize this condition as a 


specific type of brain degeneration with symptoms which differentiate it Les 

-from other types of dementia. No definite etiology. has been established : 
for this condition. It is perhaps an heredo-degenerative disease. ‘This: 
view is considered thé most probable by Grünthal (1930). He notes that. 


the disease has previously been reported as occurring in sisters, and adds | 
~ two cases of his own in brothers. Thorpe (1932) describes a case in a woman 


— -whose father’s brain, at autopsy, had shown an unusual degree of atrophy, E 


and considers that he might well have had Pick’s disease, although the ~ 
_ diagnosis of senile dementia had beep made at the time of his death. 
Familial mental disease: is frequently noted in the case reports. | Horn and 
Stengel (1930), as well as Merritt and Springlova (1932), remark upon man 
‘ milarities in the pathology of this disease to the changes seen in. amaurot. i 
— family idiocy. Onari and PE (1926) call attention to the fact that | 
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: are certain veiet and pathological featare hat lin . this condit ‘es 





s Huntington s chorea. Since these last two diseases. are definitely known to — 


(Oona be hereditary, these similarities suggest an he: edo-degenerative etiology | 
*. for Pick’s disease. F erraro and Jervis (1936) have more recently made a 
special study of pathogenesis and decided that heredity could not be im- 

< plicated. They consider that angiospasm Plays an important though not 


~ exclusive role. 

-As to the age of onset, the Epod cases have shown their initial 
symptoms between the extremes of 42 and ?2 years, with the sixth decade 
contaimng the greater proportion. From the published material to date, 





it seems that the disease attacks females much more frequently than males, ~ 


the ratio being approximately two to one. So far as can be determined from — 
the available data, there is no special racial incidence. 

Schneider (1929) has arbitrarily divided the clinical course into three 
stages, which are roughly of equal length. This is perhaps convenient, but 
we must keep in mind that the disease itself is an uninterrupted process. 
The onset is usually insidious, often being initiated by slight personality 
changes that are only appreciated in retrospect. Some of the symptoms of 
the early mental changes follow: indifference in performance of duties, 
carelessness in dress, disregard for the usual proprieties, nomadism, petty 
crime, apathy, failing memory, emotional lability, and motor unrest. 

As the disease progresses we see in typical cases the development of 
characteristic symptoms. These are of the type which we associate with 
frontal lobe disease. ‘The general character of these symptoms has been 
well described by Goldstein and Katz (1937). A. Suef (1930) noted a form of 
response suggesting echolalia, in which a prominent feature was minimum 
expenditure of ideational effort. In the case to be reported, this was a 
striking feature also. These individuals in replying to questions simply take 
the interrogative sentence as given to them, make minimal changes in word 


ee vorder and person, and answer the question in the examiner’s own words, It 













1e daily programme becomes stereotyped. 

~ The subject of memory in these cases deserves special consideration. 
le, i in the more familiar dementias, a failure of memory is usually an 
early prominent symptom, in a typtcal case of Pick’s disease memory may 
be surprisingly intact in the early stages. While early observers repor red 
a failing memory : as an early symptom, subsequent studies revealed that it 
is not so much memory, itself, that is lost, but rather the use of it in the 


248 readily | seen that this form of response is the most economical of thought. — 
While well-accustomed acts may be long retained, all desire to vary be ccc) 
haviour spontaneously is lost. Thus as the disease progresses we find that — 


formation of new ideational material. T his has been — described — af 











_ Kahn and Thompson (1934) as “ the loss of memory as a tool.” In our case, _ 
for example, while the patient super ficially gave the appearance of deteriora- 
-> tion, she was able to recall events with surprising accuracy when pressed for 
specific facts. Gorden (1935) brings out this point when, in describing his _ 
: se, he states, “ What is particularly striking is that in the midst of pr 
gressing dementia, his memory is to a very great extent preserved.” The — 
fact that memory is often long retained in this manner is perhaps one of the. 
—— chief features which distinguishes Pick’s disease from the other dementias. — 
When the second stage becomes more firmly established, hyperkinesias — z 
constitute a prominent symptom. This motor unrest is characterized byo 
purposeless behaviour, such as slapping the thighs, tapping the floor, rocking — 
back and forth, making clucking noises, and many other forms of diſfuse — 
stereotyped activity. 

Another feature which may appear at this point is the occurrence 
of forms of aphasia. These may be of any type or combination of types, 
< depending upon the associative area or areas involved. While every form 

has. been reported, loss of speech is probably the most frequent. Horn and 

Stengel collected a group of cases in which apperceptive blindness was a 

prominent symptom. As the disease progresses, dementia becomes evident, 

but psychotic symptoms, such as hallucinations, delusions, confabulation 
and illusions, are rare. 

In the third stage, cortical function is so diminished that the patient 
gradually sinks into a state of extreme hebetude, from which, finally, there 
is release By death from some intercurrent disease. While epileptiform. 
seizures may occur late in the disease, they are rare. If they occur early, 
they speak against a diagnosis of Pick’s disease. Throughout, physical signs 
are notably absent, although extra-pyramidal forms of rigidity may occur 

¿near the end. The total duration from the first symptom to the inevitable. 

-fatal outcome is generally between three and five years, with the reported 
extremes of two and twelve years. The case to be reported died nine years 
after the development of symptoms, which date of onset was. well 
established by careful investigation. 

< In Pick’s disease, laboratory examination of all the body fluids, including 
. the spinal fluid, is negative. 

— X-ray examination of the skull, itself, may reveal thickening of the 
vault and that type of hyperostosis which sometimes follows atrophy of the 
underlying cerebrum. Upon encephalographic examination, the import 
-ance of which is stressed by Bumke (1929), we find generally enlarged _ 
ventricles, which may show dilatations corresponding to the atrophied por 
tions of the brain. The subarachnoid air is seen lying in irregular ma 
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insulæ and the cisterna chiasmatica. 


- There have been several reviews of the pathology of this condition 
| during the past few years, the most complete being* those of Onari and 

‘Spatz, of Horn and Stengel, and of Ferraro and Jervis. The findings 

revealed by necropsy may be outlined as follows: The skull is thick and 
may show hyperostosis. Plaques of leptomeningitis are frequently seen. 
The brain itself shows evidence of a more pr less diffuse atrophy, with 
localized, roughly symmetrical areas of marked shrinking. Most typically, 
this process involves the frontal lobes, the first and second temporal con- 
volutions, the insulz, and the supra-marginal and angular gyri. The 
occipital and parietal lobes are occasionally involved. The pre- and post- 
central areas are usually strikingly spared. The brains frequently weigh 
much less than 1,000 grms. In Thorpe’s case, for instance, the weight was 
770 grms. In the reported cases, the left hemisphere has usually weighed 
less than the right. 

* Microscopic examination of the affected cortical areas reveals an intense 
loss of nerve cell elements, which reaches its highest degree in the three 
upper layers of the cortex. The cells are in part replaced by a strong glial 
reaction. Those which remain are either shrunken or present a bloated 
appearance. Although Alzheimer’s argentophile inclusion bodies are 
numerous in Pick’s disease, and although their presence in such numbers is 
one of the criteria upon which the pathological diagnosis is made, their real 
significance ts still a subject of controversy. Williams (1935), for example, 
maintains that Pick’s cells are not dependent on the senium or on specific 
ætiological agents for their development. von Braunmiihl- (1930), and 
Merritt and Springlova have described Pick’s cells in cases of Lissauer’s 
dementia paralytica. From these investigations it would appear that Pick’s 
cells can and do occur apart from the entity called Pick’s disease. Senile 
plaques and Alzheimer’s fibrillary changes are typically absent, but, if- 


present in moderate degree, do not exclude the diagnosis of Pick’s disease. - 


Changes in the blood-vessels are so insignificant that they cannot be con- 


a -sidered as a factor, although Ferraro believes that angiospastic factors may 
_. play an important role. Inflammatory changes are absent. No evidence of 
~ acute softening i is seen. Blood-vessel sprouts are lacking. von Braunmiihl 





(1930) stresses the occurrence of degenerative changes in the extra-pyramidal 
nuclei. The general systemic examination shows nothing except those 
changes associated with the intercurrent disease which caused death. 
The differential diagnosis is rather difficult and deserves some emphasis. 
The gradual and rather insiduous character of the mental changes that 


socially i in the frontal regions, and filling the dilated’ = ue 


occur in Pick’s disease may resemble certain forms of General Paralysis. _ 
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However, negative serological evidence excludes a diagnosis of neuro- 
syphilis. Early in the “disease, the exclusion of brain tumour, especially 
those involving the frontal lobes, may present difficulties. The aphasias, 
which occur m the second stage, suggest temporal tumour. However, since 
in Pick’s disease there is no increase in intracranial pressure, and the triad 


ns ot papilloeedema, headache, and vomiting is absent, the exclusion of 
-. neoplasm should not offer a grave problem. X-ray plates of the skull in 


-Pick’s disease often reveal thickening of the vault, whereas, with tumours, 








thinning and erosions are often present. The encephalographic picture seen 
in Pick’s disease, with the symmetrically dilated ventricles and the abun- 


dance of air over the cortex, is conclusive evidence that neoplasm is absent. 

Perhaps the most difficult differentiation is between Pick’s and 
Alzheimer’s diseases. This cannot be made on any one set of symptoms, 
but depends more upon the general picture. Pick’s disease is more apt to 
resemble General Paralysis, while Alzheimer’s disease tends toward the 
picture of senile dementia. Confabulation is typically absent in Pick’s 
disease. Memory loss occurs early in Alzheimer’s disease, whereas, while it 
may seem to be impaired in Pick’s disease, careful study will reveal that 
such is not the case, but that, as previously described, use of it as a tool is 
impaired. Kahn and Thompson consider encephalographic findings to be 
very helpful in this differentiation. They state that in Alzheimer’s disease 
the subarachnoid air lies in broad, blunted sulci, whereas in Pick’s disease 
it tends to lie in irregular masses. In distinguishing Pick’s disease from 
other forms of dementia, cerebral arteriosclerosis is characterized by the 
frequent antecedent history of headache, dizziness, and apoplectic pheno- 
mena, together with the presence and character of the memory defect and 
the findings of systemic and retinal sclerosis. Simple senile dementia should 
not present any dificult problem because of its later age of onset and the | 
character of the memory loss which differs from that in Pick’s disease, as 
has been discussed previously. While in the early stages, the behaviour and 
emotional reactions might suggest functional mental disease, the organic 
implications soon become obvious. 


Cast REPORT. 


Marv S. white, married, aged 56, was admitted to Butler Hospital on January 23, 

"1933, because of increasing restlessness and personality changes. Family history 
revealed eccentricity on the part of one maternal cousin, alcoholism in another and 
‘mental disease in still another, Birth history and early development were normal. 
The patient had been a good student, graduated from a business college, and _ 
worked as an efficient clerk for nine years prior to her marriage in 1906. In spite. 





of the fact that nọ contraceptive measures were ever employed, the patient never ` 
became pregnant. Catamenia was established at thirteen years, but periods, while 











ular, were excessive, lasting ten days and accompanied by severe headcties, 


* 


ariably most marked in the left frontal region. The menopause was completed 


1927 without any disturbing mental or physical symptoms. Concomitant with 





alcohol. In personality the patient had been lively, friendly, and pleasant, 

iable and an active w ker, holding several offices in women’s clubs. Her mood 
h iid been stable and her judgment always considered good. 

In retrospect, it seemed that the illness began insidiously in the spring of 1928, 

o at É which. time the patient was 51 years of age. The first symptoms were irritability, 

_- moodiness and periods of mild confusion when hard pressed by her active and varied 

interests. In the autumn of that year, the patient sustained a small laceration of 










> menopause, the headaches disappeared. There is no higtory of abuse of drugs a = 


her scalp in. an automobile accident. She was not rendered unconscious, however, 





skull was not taken at that time, The mental changes previously described definitely 
antedate that accident. From 1928 to 1931 a gradual loss of interest developed, 
together with deterioration of judgment, and disregard for the ordinary social pro- 
prieties. For example, she sent notices of club meetings to outsiders, rather than 
to the members. At one of the meetings she greeted a long-absent member by 
saying: “ How have you been since your husband’s suicide ?” In the discharge of 
her household duties she had become stereotyped, preparing the same meal day 
after day until changes were suggested by her husband. Her mood gradually 

~ became superficial amd her reactions rather childish. During 1932 she showed 
“marked change in the character of her thinking. She initiated very little conver- 
sation and began simply to repeat phrases which she heard in the conversations of 
others. Her mood became progressively more superficial and took on a jocular 
tone, Gradually there developed a diffuse type of restlessness, which constituted the 
main problem in her care at home. 

Examination on admission revealed the patient to be in good general physical 
condition. Neurological examination was negative, except for hyperactive, but equal, 
tendon reflexes, Examinations of all body fluids, including spinal fluid, vielded 

_resuits which were well within normal limits. 

Mental examination revealed her to be alert, pleasant, and co-operative. She 
giggled freely and her emotional responses in general were superficial. On a few 
occasions, when things were not exactly to her liking, she rose in fleeting childish 

indignation. Restlessness was present and of a diffuse, purposeless type, consisting 
¿pacing about. the ward and her room, fumbling with newspapers, magazines, 
vers and other articles. Ar times she was noisy, tapping her feet loudly, clapping 
her hands and slapping her thighs, at no time giving any reason for this behaviour. _ 











ated the question, ‘changing the pronouns from the second to the first person, 
it the occasion. For example, when asked, “ How do you feel ? ” she replied: 
How do I feel? I feel fine.” In her conversation, patient showed a marked 
restriction of the ideational field. She was unable to give reasoned responses or to 
elaborate thought material, and, when pressed, made some superficial evasion. The 
following excerpts from her stream of talk will illustrate these points : — 

Q.—Did you have a nice breakfast this morning: ? 

A.—Yes, [chad a nice breakfast this morning. 

_ Q.—What kind of cereal did you have this morning ? 
A. = nee kind of cereal did | 1 have this morning? f had. oatmeal, 





nor did she express any physical complaints after the accident. An X-ray of the — 


er spontaneous speech peed of superficial, isolated remarks concerning her | 
band, her home and her telephone number. When questioned, she invariably 
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© Q—Do you like oatmeal ? 
O A—Do I like oatmeal’? Yes, I like oatmeal. 
Q.—Why do you like oatmeal ? 
A.—Why do I like patmeal 7 1 don't like oatmeal. I like eggs. 






-o She denied hallucinations and there was no evidence of their presence, Noo 
“delusions were expressed. Memory showed no impairment in either the remote or 
ent fields ; in 4 act, memory seemed hyperacute. Her . mental grasp was 0 
earned the names of doctors and nurses without difficulty, recognizing thet 
on subsequent visits, and calling them by their proper names. Orientation was 
-intact in all spheres. Insight was absent and judgment was extremely poor. 
X-ray plates of the skull! revealed no evidence of old or recent fracture, or of 
increased intracranial pressure, The cranial vault was thickened and there were 
hyperostoses of the inner table in the frontal region. Encephalograms taken after 
the introduction of 100 c.cs. of air revealed symmetrical dilatation of both lateral. 
ventricles, more marked in the anterior horns. The 3rd and 4th ventricles were 
normal. The cortical air pathways were not normally distributed and were dilated 
` four or five times their normal width, indicating considerable cortical atrophy. (fig. 1). 









With a diagnosis of Pick’s disease, the patient was discharged to her home on 
February 2, 1933. For the following six months she discharged her household duties 
satisfactorily, except for an increasingly stereotyped character to her daily programme. 

Gradually her defect of judgment became so marked that it was necessary for her 
husband practically to take over the management of the home. During the autumn 
and winter of 1933 and 1934 definite signs of a slowly progressing dementia showed | 
themselves. Memory, which had previously been so acute, began to show minor o 
lapses. Restlessness increased, mood showed further lightening and the ideational es 
field showed gradual further restriction. It was in this stage of the illness that the n 
-patient was presented before the Boston Society for Psychiatry and Neurology (1934) 
Nichols, 1. C., and ‘Weigner, W. C., 1934. Darios 
© Early in 1934 confusion was so great that the problem of wandering away fr mo 
home necessitated re-admission to the hospital. At the time of this re-admission: — 
_. (February 10, 1934) no change was detected in her physical findings except that the ~ 
hyperkinesia was more marked than formerly. Although she showed short episodes 
f confusion, her grasp of her immediate situation was still on the whole 
“surprisingly good. During succeeding months increased untidiness developed =~ 
~~ to the degree that the patient was incontinent in bed and soiled her clothing. She >- 
showed absolutely no insight into this behaviour, simply giggling in a, superficial = 
manner when it was brought to her attention. Her previously described echolalic _ 
ponses continued and, as time went on, it became increasingly more difficult to; 
tany answers to questions put to her. Invariably she simply repeated the question 
. same form. that it had been presented to her. Occasionally she was noisy, 
ng simple meaningless phrases at the top of her voice for long periods of time. 
December, 1934, restlessness was defingtely abating and intellectual faculties wer 
ndergoing obvious deterioration. Emotional responses were likewise ung 
hange; whereas formerly she was rather prevailingly euphoric, she wa 
















































0 | The authors wish to thank Dr. Isaac Gerber of Providence, Rhode Island, for 
is assistance in the roentgenological study of this case and for permission to use 


he plates. 
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time becoming flat in her emotional tone. In June, 1935, abnormal neurological 
signs were detected for the first time. She had a complete flexor withdrawal on 
stroking the soles of the feet, or on using the Oppenheim, Chaddock or Gordon 
manoeuvres. Her general health was by this time failing, as indicated by a progres- 
sive loss in weight. By the end of 1936 the patient had dettriorated so greatly that 
she was practically mute. Occasionally she showed some excitement, which con- 
sisted in mischievous behaviour, characterized by meddling with other patients’ 
possessions, tipping furniture over, rattling doorknobs, and the like, In the per- 
formance of this behaviour she showed great confusion and required almost constant 
nursing supervision. By the spring of 1937 she had lost a great deal of weight and 
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Fic. 2.—View of the right lateral surface. Note the shrunken gyri of the frontal 
regions which contrast so strikingly with the full-bodied appearance of the gyri 
in the region of the central sulcus. 


was readily fatigued. On March 6, 1937, she developed a temperature and signs 
of pulmonary infection. On the evening of March 13, her temperature rose from 
102-8° F. to 109-6° F., at which point she expired. A post-mortem examination was 
carried out four hours after death. The pathological diagnoses were: (1) Pick’s 
disease (confirmation to be obtained in microscopic sections); (2) bronchial pneu- 
monia, both bases, more marked on the right; (3) cholelithiasis ; (4) congenital 
deformity of the left kidney—double uæter ; (5) uterine fibromata ; (6) localized 
arteriosclerosis: moderate in the arch of the aorta ; marked in the abdominal aorta, 

Gross and Microscopic Anatomy of the Brain.—The skull appeared thicker and 
denser than normal. The meninges exhibited no gross abnormality. In the circle 
of Willis there were only mild atheromatous changes. The brain weight was 
950 grm. The brain appeared generally small, but the atrophy in the frontal and 
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temporal lobes was striking. The gyri in these regions were markedly shrunken and 
exhibiting a brownish discoloration, The sulcii of the atrophic regions 
were deep, wide, and gaping. On cutting the brain an increased resistance 
was met. On examining the cut surfaces the normal demarcation between cortex 
and sub-cortex could not be made out. The anterior horns of both lateral ventricles 
were dilated but otherwise the system was negative. The basal ganglia and the 
cerebellum showed no gross evidence of disease (figs. 2 and 3), 

On microscopic examination the leptomeninges were normal, The pial and 
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Fic. 3.—Coronal sections showing atrophy which is striking in the gyri of the 
basal portions of the hemispheres. The normal demarcation between white and 
gray matter is disturbed especially in the more atrophic gyri. 


> 


parenchymal vessels were remarkably free of atheromatous changes, except that the 
arterioles of the corpus striatum and the pallidal nuclei showed considerable calci- 
fication. There were, however, no foci of encephalomalacia resulting from these 
vascular lesions, nor any scars which coul@ be attributed to them. 

In the cerebral gyri, which had shown the greatest degree of atrophy macro- 
scopically, the cyto-architecture was profoundly altered. Hardly a single ganglion 
cell remained in any of the cortical lamina, yet the cellular population was increased 
in these layers above normal. The cells, however, were of the glial variety—astro- 
cytes, oligodendroglia and Hortega cells being present in great profusion. There 








| a he 'fbroglial p processes were Oi more scant ‘in the — 
a status spongiosis was frequently in evidence. There way a condensation atrophy 
| of the subcortical white matter in the frontal lobes. Here the oligodendroglial cells 
~. were exceedingly numerous and closely spaced, but no actual softening or progres- 


< vsive gliosis was present. 











In the less atrophic gyri, such as the insular and cingulate, the microscopic picture 
was different. Here, only the superficial laminæ, were depopulated of nerve cells ; 
‘the deeper layers still contained their normal or nearly normal quota. But the 


ganglion cells which remained were strikingly altered. Most of them had become : l 
. rounded and swollen, their cytoplasm had lost the tigroid markings : and had assumed 


a homogeneous ground-glass appearance. The nuclei of these cells were less distinct — 
and occupied eccentric positions in the cell bodies. In Bielschowsky preparations 
many of these cells lacked endoneural fibrils and relatively large numbers of them 
contained the argentophil spheres which are so typical of the histologic picture of 
Pick’s disease. These spheres were usually larger than the nuclei which they dis- 
placed to the periphery of the cells. Occasional nerve cells in these less involved 
portions of the brain were not rounded and swollen at all, but were rather atrophic 
and hyperchromic (fig. 5). 

The caudate nuclei, putamina, pallidal nuclei and substantia nigra were all 
involved in the atrophic process. In these structures the ganglion cells were slightly 
decreased in number and some were swollen or atrophic, but there was only moderate 
glial response. Only the caudate nuclei contained spongy zones. But these central 
gray structures were altered in another manner, and in this way compare with the 
cortex, There were enormous deposits of pigment. 

Pigment granules were found in great abundance in the cortical and central gray 
matter and also in the subcortical white matter, In general, the greatest deposits lay 
in the atrophic portions of the brain. The pigment was of two varieties: one, 
a coarsely granular brownish material in Nissl preparations and, the other, a more 
finely granular blue or green material in the same preparations. The latter pigment 
at least was composed of iron, and this was possibly true also of the former. This 
pigment was in,almost all instances contained in the cell bodies of the various types 
of glia. In the white matter of the brain the pigment lay exclusively either in the 
vascular sheaths or in scavenger cells in the perivascular spaces. 

Sudan HI preparations of the brain contributed much to the histopathological | 


H picture of this case. In them there was demonstrable a large amount of lipoidal - — 
<< material within the ganglion cells of the involved portions of the cerebrum. Sudan- 


taining particles were also found in abundance in the glial cells. Large scavenger 
ells filled with phagocytosed fat were found in the perivascular spaces of the frontal 
d temporal lobes, chiefly in the white matter. The large amount of this fat is 
surprising in view of the relatively negligible extent of the medullary sheath destruc- 
“tion as seen in Kultschitsky preparationg In these, the myelin of the centrum ovale, 
the corpora striata, the capsule extrema (externa and interna), and the pons, medulla 
and cerebellum were intact. The myelin of the cortex of the frontal and temporal 
lobes only was degenerated. Here, the cortical radiating fibres were fragmented and 
ballooned or entirely absent, and the subcortical fibres were poorly stained and 
appeared frayed or moth-eaten. 

The cerebellum; pons, medulla, cervical spinal cord and occipital lobes were . 
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a altered. In the parietal Igbes an occasional gyrus was involved. The frontal and 
ee: mporal lobes suffered most of the injury, and the gyri of the orbital surfaces of 
eo ‘the frontal lobes were injured most of all. 





SUMMARY. 







] he dementias occurring during the latter years of life warrant study | 
arification. — ‘This paper concerns itself with that specific type of _ 
dementia which was first descsibed in terms of pathology by Arnold Pick. _ 
“Although he first considered it as a form of simple senile dementia De 
subsequent observers, adding to his findings, have concluded that it is a : 

specific type of reaction with its own special symptomatology and pathology. P 

a _ Although the diagnosis i in most of the reported cases was made post mortem, 
oe ‘modern refinements in neuropsychiatric methods now make an earlier . 
— diagnosis possible. 

— — Most valuable in our present day armamentarium is a careful psycho- 
tesco study of the memory. In cases of Pick’s disease, this reveals a defect: 
_ which often differs very characteristically from that found in the more usual 
S a dementias i in that memory itself is not so much disturbed as much as the 
individual’ s ability to use it in the formation of new ideational material. 
It is this “loss of memory as a tool” that careful psychological study 
_ brings out, In addition to revealing this specific character to the memory 

defect, psychological examination also reveals frontal lobe symptoms. such 

7 ss as. psychical inertia, stereotypy, and disturbances of general and of ethical 
oe judgment. 

The encephalogram is of great diagnostic value also. Inasmuch as the 
— fundamental pathological process in the disease consists of circumscribed 
— areas of atrophy—an enlargement of the ventricles and pools of subarach- 
— air overlaying the atrophic areas are revealed by this method of study. 
The course is progressive, leading to a relatively early death, which 
— —— the individual from the vegetative existence of extreme dementia. 

© The chief findings at autopsy are the strikingly circumscribed areas of 

+ atrophy which involve chiefly the frontal, temporal, and insular areas and 

_ less frequently the occipital and parietal lobes. The diagnostic criteria from 
microscopic study are the severe diminution of cells, the intense gliosis, 
-presence of Pick’s cells containing argentophil bodies, and the absence 
paucity of senile plaques and Alzheimer’s fibrillary degeneration. 
A case is reported in which the diagnosis was made by means of the 
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oe diieas] by: he name ‘of its E Ted is , part iculaely unfortunate in this 
-= instance for there is another Pick’s disease, a polyserositis, and we also find 
that Niemann-Pick disease causes confusion. The term circumscribed 
a R : senile atrophy, which is frequently used, is little better, for this does not 
separate this condition from other types. gf atrophy arising from other 
~ causes, and the term “ senile ” hardly suits a disease that may arise early in 
the forties. The etiology is not indicated by the name, and since the 
causation is not definitely known, we believe we should frankly admit our 
ignorance and use the term idiopathic. In view of the facts to which refer 
ence has been made above, we suggest that.a more suitable name would 
be “Idiopathic Circumscribed Presenile Cerebral Atrophy,” which 
compensates for its clumsy length by a great increase in accuracy. 
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l LEGENDS FOR PLATES. 


Fic. ].—Lateral and anterior-posterior views after introduction of 100 c. € of oe 
air, Note bilateral dilatation of the lateral ventricles extending well anteriorly. In 
- the frontal regions air can be seen lying over the surface in broad irregular ma 
cin the anterior- posterior. view COMCEHIONS of air in a th ins æ are cleanly s shor 
















a Vi ictoria lue preparation — — — matter — 
very rich proliferation of Po opni astrocytes. a 
es o the walls of the Piana aie | 


what i is —— their rog 
rht is relatively normal, 
nucleus eccentric, and it contains a large argentopt 
rd the left are shrunken, their nuclei are lost, arid their 
ta ied argentophil bodies. (x 1,000.) | 
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THE THALAMUS OF THE CE IMPANZEE! = 
i= Metaruatamus, NORMAL STRUCTURE AND CortIcaL CONNECTIONS. 
BY A. EARL WALKER, M.D.? AND I F. FULTON, M. D. 








ae ——— 1936: Clark — Pengin; 1934: Poliak, 1933), but ca structure ee 
| and connections of the anthropoid geniculate bodies have been described 
-in only one case (Poliak and Hayashi, 1936). The close resemblance of the 
ganglia i in the anthropoid to those of man, and the possibility of experi- 
_ mentation upon these animals gives particular significance to the study of 
their structure and relationships. 


[.-—-NORMAL STRUCTURE. 
Corpus geniculatum laterale. 


The lateral geniculate body of the chimpanzee is similar to that of man 

and lower primates. It is an inverted, hemispherical, six-layered structure 
with narrow fibre bands separating the cellular lamina. The intralaminar 
fibre zones between the inferior two layers are larger and more distinct than 
those between the other cellular lamine. Through the anterior surface of 
“the lateral geniculate body the fibres of the optic nerve enter these fibrous 
zones and ramify in the cellul lar layers. The six laminze of the ganglion vary 
| ording 1 to the site of the section. At its anterior and posterior extremities 

r cellular laminze are present, and at both medial and lateral margi 3 
i ey « coalesce forming only three or four distinct layers (fig. I, Plate X 
7 Histologically, the lateral geniculate body may be divided into 
rts, each with characteristic loy (i) the dorsal four layers, (ii) theo 
sal two layers, (iii) the grisea pregeniculata. ‘The dorsal four cellular 
* are composed of uniform, medium-sized neurons fairly compactly 
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— aranged. The cells are oval or circular in shape and clearly diine, 
although a cell membrane can not be distinguished. The hyaloplasm stains 
a diffusely in Nissl preparations. The dendrites are unstained although 
occasionally i the axog hillock may be recognized. Numerous small and 
ae large chromatic granules are scattered throughout the cell. The p pale- ; 
—— staining nucleus is well outlined by a distinct nuclear membrane. It is 
Yu sually two-thirds the width of the cell. Numerous fine trabeculae traver se 
the nucleus, many passing to the circular, diffusely staining nucleolus — 
- Satellitosis is uncommon, most of the neurons being devoid of glia or have = 
only one glial cell. Scattered among the cells of this type are smaller, paler 
staining neurons comprising 10 to 15 per cent. of the total cellular mass. 
The histological appearance of the neurons in the two basal layers of the 
lateral geniculate body is similar to that of the upper four lamine, except 
that the cells are slightly larger, and less compactly arranged, the hyale- 
ee pom more densely staining and the Nissl granules coarser. 
=- Lying along the anterior surface of the dorsal portion of the lateral 
— geniculate body is a loosely arranged collection of cells representing the 
grisea pregeniculata. The cells of this nuclear mass are slightly larger than 
those of the dorsal layers of the geniculate body, and polygonal or angular 
_ inshape. The hyaloplasm stains lightly so that the Nissl substance stands 
~ out clearly. The axon and dendrites of the neuron stain lightly giving a 
distinctly angular appearance to the cell. Satellitosis is the rule, two to four — 
glial cells surrounding each neuron. The intensely staining nucleolus stands 
out prominently within the pale nucleus. , 







Corpus geniculatum mediale. 


© The medial geniculate body is an irregular mass of cells situated laterally 
— deen the inferior nucleus of the pulvinar and the lateral geniculate body, 
and the pes pedunculi medially. It is absolutely, but probably not relatively, ` 
increased in size, over its comparable structure in the macaque and lower 
primates. Its magnocellular division is smaller than that in the lower 
primates and its main portion is larger. At its rostral extremity large cells 
are widely dispersed so that the division between the two parts of the nucleus 
is difficult to distinguish. The relationships of the medial geniculate body. 
e much the same as in the lower primates. Lateral to it is the nuclens 
lvinaris inferior and the corpus geniculatum mediale, medially the 
wucleus peripeduncular and anterior tegmental nuclei and superiorly th 
nucleus suprageniculatus and ventral thalamic nucleus, With the exceptio 
~ of the nucleus s suprageniculatus, which merges almost imperceptibly with 
the magnocellular portion of the medial geniculate body, the boundaries of 
the nucleus cause no confusion. The nucleus suprageniculatus 1s situated = 
















scattered cells; hie 

-recog gaiz ay ¢ cause confusion in an 

area distorted by — and d gliosis (ig. i , Plate XIV Dec A 
The main portion of the nucleus is composed of* uniformly arranged. 











E medium-sized, ovoid cells with large pale nuclei. The nucleus, occupying 
-> almost half the cell, is usually found at one end. The nucleolus is a prom- 
inent structure in the pale staining nucleus. Scattered irregularly through 
ios the lightly staining cell hyaloplasm are clumps of Nissl substance. Many a 
_ neurons have one or two satellite glial cells. The magnocellular portion of 

the medial geniculate body consists of larger, more rounded but less com — 





pactly arranged, neurons. The hyaloplasm stains diffusely and more - 
intensely; the Nissl substance is more prominent but regularly arranged in 
the cell, Although most of the neurons of the medial geniculate body are 
of these types, a few smaller, and paler staining cells are encountered. 


EXPERIMENTAL METHODS, 


The animals used in this investigation were immature chimpanzees (Pan satyrus) 
which had been under observation for some time in the laboratory. General 
anesthesia and complete surgical asepsis was used for all operative procedures. Both 
animals to be described lived more than six weeks after the final operative pro- 
cedure, They were sacrificed under deep ether anzsthesia and the vascular system 
perfused immediately after death with saline followed by 95 per cent. alcohol. ‘The 
thalami were quickly removed by blunt dissection in order to obtain optimal fixation, 
After hardening in 95 per cent. alcohol, the hemispheres were photographed, the 
lesions examined and minutely described. The lesions accompanied by a generous 
amount of surrounding cortex, were then further fixed in 95 per cent. alcohol and 
ether, and embedded in celloidin. Coronal serial sections were made of both the 
cortex and thalami. Every 25th section of the cortex was cut at 25 microns and 
stained by Nissl’s thionin method, In one animal every third (Snookums) and in the 
other every fifth (Ghandi) section of the thalamus was stained by the same technique 


_ and mounted, All illustrations. were made from direct projection of the sections. 

















lesions and degenerations (solid black or heavy stippling in the illustrations) . 





each drawing indicates the section from which the drawing was made. 
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a The following abbreviations have been used in the illustrations: — _ 
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H.—EXPERIMENTAL RESULTS. 













— Jn a previous study (Walker, in press), it has been found that in the 
chimpanzee after hemidecortication, the lateral geniculate body is virtually 
devoid of normal cells. ‘Occasional cell shadows and shrunken cells were 
present especially in the lower two layers. The medial geniculate body, 
ing its magnocellular portion, was found completely degenerated 
for an occasional normal appearing cell. Its adjacent supragenicu- 
e nucleus was entirely spared, as were also the cells along the lateral 
— portion of the cerebral peduncles and the grisea pregeniculata, It may, 
therefore, be assumed that practically the entire medial and lateral — 
geniculate bodies project to the cerebral cortex. Details of this projection $ 
have been determined in the following two experiments. 


$ 






Experiment l.—-Lesion of right occipital pole ; degeneration of medial portion 
z% the lateral geniculate body. Ablation of left occipital lobe and smali lesion 
= of the superior temporal convolution ; severe degeneration of the left lateral 
-~ and medial geniculate bodies. Weight 11-3 kg. (Snookums). 


The subject of this experiment was a timid, temperamental young female chim- 

< panzee, in excellent condition except for a desquamating dermatitis over the head 
and neck. On February 19, 1936, a right osteoplastic craniotomy was performed. 
- The inferior half of the post-central convolution and the occipital operculum juxta- 
posed to the external parieto-occipital fissure were ablated. On April 2, 1936, a left 
osteoplastic craniotomy was performed exposing the occipital and posterior temporal 
== regions. The left occipital lobe posterior to the parieto-occipital fissure was removed | 
in one piece. The Sylvian fissure was opened and with a brain spatula the cortex lying oo 
¿Cona small ridge on the superior surface of the first temporal gyrus was removed => ç 
—— by subpial dissection. The neurological disturbances resulting from these ablations 
will be described in another connection. The visual disturbances were similar oe 
to those described by Spence and Fulton (1936). On May 28, 1936, the animal _ ae 
T was sacrificed. | 





















ANATOMICAL EXAMINATION. 


— Right cerebral hemisphere—The sites of two cortical lesions are as follows: 
“One occupies the inferior two-thirds of the post-central convolution, and the second 
>O the rostral portion of the lateral surface of the occipital lobe, extending parallel — 
with the parieto-occipital sulcus. It begins | cm. from the mid-line as a lesion 
ae 0-6 to 0-7 cm, in width tapering inferiorly to its termination just above the HP of 
ye sulcus occipitalis diagonalis. : 
erial sections of the occipital lobe confirm the gross location of the lesion. Its _ 
ior margin borders upon striate cortex. The anterior margin on the posterior 
of the external parieto-occipital sulcus is bounded mainly by cortex of type 18 — 
in a few places by type 19, In the lower®part of the lesion there is slight involve- 
nt of the annectant cortex of the posterior parietal lobe but the greater part of- 
je apparent damage i is the result of accidental haemorrhage at the time of sacrifice, 5 
jnsiderable fresh blood being present in the parieto-occipital sulcus and a small: g 
ount in the tissues of the cortex anterior to the external parieto-occipital sulcus... 
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Fr ic. 2.—The right cerebral —— of chimpanzee Snookums and sketches 
: serial. ‘sections — the a opercular lesion,  ~ | 
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oo Bye 3.—-Representative serial sections of the right lateral geniculate body of — 
-- ¢himpanzee Snookums showing the extent of the retrograde cell degeneration. — 






































ic. 4.--The left cerebral hemisphere of chimpanzee Snookums to show: 
site and extent of the cortical lesions. 2 
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the left temporal lobe show a pét cial] sion entirely) confined | to the conttile i 
n 'a-Sylvian portion of thessuperior temporal convolution. Laterally the lesion is 
bounded by Area 22 cortex, but medially and posteriorly by “ koniocortex ” “(see — 
Beck. 1938). The — anteriorly is in temporal cortex of a transitional type. 
or Le a eae 
~The second: lesion i is an ablation. of the occipital lobe posterior to the parieto- 
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‘occi tal fissure. 
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> Fre. 6.—Serial sections of the left occipital lobe of chimpanzee Snookums to 
— the extent of the cortical lesion. — 











1argin of the superior temporal sulcus, Superiorly the annectant gyri are tahun — 
— Do — Tobie is —— The cuneus on the medial s ice 












d by € rtex of ies 19. The Jessia “on: ae tatefat — o 
s this type of cortex on its margins except in the angular gyrus: whe 
\rea 7 beund it (fig, 6). | x 


ody ds severely changed. its entire posterior pole is completely degene- 


o rated, ‘but at about the posterior quarter of the nucleus a narrow zone 
of normal cells in all six layers appears on its inferolateral margin. The entire 


2 - posterior half of the dorsal and medial portions of the geniculate body is completely 
_ degenerated. At approximately the middle of the lateral geniculate body a zone of 
onormal cells appears along its medial portion giving the degenerated portion a 
wedge shape. Anteriorly the degenerated area becomes smaller and smaller but 
“constantly maintains its central position almost to the anterior pole of the medial 

geniculate body (fig. 7). 





187 202 217 
Pic. 7.--Representative serial sections of the left lateral geniculate body of 
chimpanzee Snookums to show the extent of the retrograde cell degeneration. | 
Left medial geniculate body.--There is but one zone of degeneration in the left 
medial geniculate body extending along the lateral surface in its anterior half. Near 
the posterior pole it commences as a small area of cellular degeneration in the dorso- 
lateral portion of the medial geniculate body. This enlarges and coalesces with a 
smaller area which becomes apparent slightly more inferiorly, for ming a well- 
-defined area of complete cellular degeneration along the lateral margin. It is 
situated in the mid portion of the nucleus, ventrodorsal. Anteriorly the degenera- 


tion maintains its topographical position with slight changes in shape to near the 






— rostral pole of the medial geniculate body. At this level the degeneration becomes 
-scattered and disappears (fig. 9 
$ 
Experiment 2.-—Linear incision in left superior striate cortex; degeneration mo 
medial portion of the left lateral geniculate body. Ablation of first and second. 
temporal convolutions on right severe degeneration of medial and lateral ge 
culate bodies. W ‘eight 22-1 kg. (Ghandi). 
The subject of this experiment was an immature but well- -adjusted 
— chimpanzee. At the first —— November 8, 1935, lesions were. made Vth 
















i ‘Lateral geniculate body left. -Serial sections. show that the left lateral — — 
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_ left motor leg area and superficially in the left supramarginal gyrus. On December 4, 

1935, under sodium amytdl anesthesia a low right temporal craniotomy was 
performed with the assistance of Dr. E. H. Botterell. The first and second temporal 
convolutions from the tip of the temporal lobe to the inferior margin of the angular 
and supramarginal gyri Were removed en bloc. Convalescence was uneventful, A third 


a operation was performed on January 13, 1936, when the left premotor leg area was 





removed and linear incisions made in the post-central convolution. On February 18, 


1936, under ether anzsthesia a small linear incision was made through a burr 
= hole in the medial surface of the left occipital lobe. The animal was sacrificed 


April 3, 1936. m 
Anatomical examination, 


All lesions were sectioned serially so that the precise extent of the injuries could be 
accurately ascertained. There were no subcortical softenings in the left hemisphere, 
and, since the lesion of the supramarginal gyrus was quite superficial, it seems 
fair to assume that it did not interrupt the visual radiation. 

Right cerebral hemisphere is the site of a lesion occupying the first and second 
temporal convolutions extending from the tip of the temporal lobe posteriorly for 
-3 em. and inferiorly from the Sylvian fissure and the cortex of the island of Reil 


| -> þoth of which appear undamaged. Posteriorly a part of the superior temporal convo- 


lution remains and the margin of the lesion slopes inferiorly to the middle temporal 
sulcus. This sulcus forms the greater part of the inferior margin of the ablation. 
Anteriorly a small part of the tip of the temporal lobe remains. 
<: Serial sections of the temporal lobe confirm the gross location of the lesion. 
Its superior margin follows the lower angle of the Sylvian fissure from almost the 
tip of the temporal lobe to the posterior margin of the insula sparing entirely the. 
cortex of the latter. At this point on the inferior lip of the Sylvian sulcus, cortex. of 
= the granular type (“ koniocortex ”) bounds the lesion. The latter rapidly becomes 
_ superficial, thus completely sparing the posterior and medial portions of the auditory 
-*koniocortex.” The lower border of the lesion along the inferior temporal 
convolution is bounded by cortex of Area 20. Near the posterior extremity of the 


| = lesion cortex of Area 21 appears. The lesion extends deeply into the substance 


of the temporal lobe but a narrow margin of white matter surrounds the lateral 


surface of the inferior horn of the lateral ventricle. There is no evidence of direct 


damage to the striate cortex in any part of the lesion. In fact there is no striate 
cortex in any section of the cortex cut well posterior to the lesion. The anterior 
two-thirds of the first and second temporal convolutions have thus been largely 
ablation, i.e. Areas 22, 21, and auditory “ koniocortex ” (fig. 8). 

Right lateral geniculate body.—Serial sections reveal marked degeneration in the 
-lateral part of the anterior half of the lateral geniculate body. At approximately 


the rostral extremity of its posterior quarter scattered degeneration is present at 
~~ its lateral margin. Anteriorly this area increases in extent. In the degenerated 
areas, however, a few normal cells always remain, a condition which is quite unlike 


the degeneration produced by damage of, the striate cortex itself. In the anterior 
half of the lateral geniculate body, the changes become more intense and its margin 
is completely degenerated. An intermediate zone between the completely 
degenerated and the normal exists in which only scattered degeneration is present. 
The medial half is normal throughout (fig. 9). | . 
© Right medial geniculate body.—Serial sections of the medial geniculate body 
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Fic. 8 othe right cerebral hemisphere of chimpanzee Ghandi showing the. 
nt of E the tempor: al ablation and serial sections of the lesion to show its precise 















Representative sections. of the right. lateral geniculate body of 
rade cell degeneration. 
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PLATE XIV, 





area of retrograde cell degeneration involving the outer four lavers. A horizontal 
layer of cellular degeneration is present in the medial geniculate body (chimpanzee 
Ghandi, right section 255). 
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Fic. 10.—Photomicrograph of the right geniculate body of chimpanzee Ghandi 
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(section 300) to show the type of cellular degeneration (compare with fig. 1). 
To illustrate article by A. Earl Walker and J, F. Fulton 
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Fic. 11.—Serial sections of the right medial geniculate body of chimpanzee... oS 
‘Ghandi to show the extent of the retrograde cell degeneration. o 














Fic. 12 The left hemisphere of chimpanzee Ghandi showing the site of t 
al lesions, and (below) representative serial sections of the occipital lobe lesion 
va its precise extent. : 


— — of the left occipital Jobe show that the lesion pierces just behind the anterior 
— margin of the striate, cortex: and penetrates to the posterior branch of the internal 
| : -parieto-occipital | suleus. It lies slightly in front of the anterior branch of the 
calcarine fissure just touching the striate cortex on its anterior margin. The cortex. 
on the inferior wall of the internal parieto-occipital fissure is only. slightly damaged 
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d nemtom a in “ae ‘middie ‘third | ‘of — i 
proximately at the oral extremity of its posterior third, "degeneration appears in 
the outer three or four layers along the medial border of the geniculate body. 
oe An eriorly this zone: ‘enlarges but becomes slightly more laterally situated, a small 
poaortion of the normal lateral geniculate body appearing along the medial border. 
At this point the zone of wedge-shaped degeneration. involves the outer five layers 

of the geniculate body. Further anteriorly it decreases in size and is confined to the - 
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i second. layer. At its anterior extremity, slightly oral to the middle of the lateral — 


o geniculate body, it involves only the second layer (fig. 13). 
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Fic. 13.—Representative serial sections of the left lateral geniculate body of 
chimpanzee Ghandi showing the extent of the retrograde cell degeneration. 


III.Discussiox. 
Cortical projection of the lateral geniculate body. 
— The cortical receptive area for the visual radiation has been known for 
-many years. Indeed, the unique characteristics of the striate region first 








ture of the cerebral cortex. When the significance of cytoarchitectoni 





egion was the seat of cortical representation of visual activity. But it 
required years of investigation by numerous workers to prove this thesis. 
Further clinical and experimental studies were necessary to determine the 
arrangement of the visual projectién upon the striate cortex. For this 
information we are largely indebted to Henschen (1924), Gordon Holmes 
(1918), Brouwer (1936) and others and to the confirmatory studies of © 
Brouwer and Zeeman (1935), Poliak (1932, atl and Le Gros Clark and — 
—— (1934). 


directed the attention of histologists to the differences in the minute struc- — 





was still a matter of speculation, investigators suggested that the striate 





— THE THALAMUS 0) THE CHIMPANZEE} 





| The results of the present inv vestigations supplement these — - 
‘studies. It may be assumed on the basis of clinical cases and experimental 
studies of Spence and Fulton (1936) in the chimpanzee that the posterior 
pole and lateral surface of the striate cortex represents the macular cortex. 
In the present research two lesions in this region were studied, both in the 
upper half of the occipital pole. The first (Experiment 1, right cerebral 
hemisphere) lies along the posterior margin of the striate cortex and has 
given rise to degeneration in the medial and posterior part of the lateral 
geniculate body. The second (Experiment 2, . left hemisphere) is located 
slightly more anteriorly on the margin of the striate area and the resulting 
degeneration is along the medial margin of the lateral geniculate body but 
slightly more anteriorly placed. 
_ From these two experiments certain general deductions may be made 


`~ Concerning the arrangements of the visual projection to the striate area. 
That both lesions were above the calcarine fissure and the degenerations in 

both cases were in the medial portion of the lateral geniculate body is in 
ee accord with the previous findings in both man and animals, i.e., the medial 


“half of the lateral geniculate body projects to the upper lip of the calcarine 
fissure. The second deduction concerns the arrangement of the visual 
radiation. Both lesions damaged the margin of the striate cortex, and 

produced retrograde cell degeneration along the medial corner of the lateral 
geniculate body. This favours the suggestion that the borders of the striate 
cortex receive their afferent fibres from the margins of the medial geniculate 
body, and conversely that the cortex on the trough of the calcarine fissure 
derives its afferent geniculate fibres from the middle portions of that 

ae nucleus. Moreover, the lesion at the caudal pole of the striate area 


gave rise to degeneration more posteriorly than the lesion slightly more — 


— anteriorly placed. This observation indicates that the more posterior parts 
-of the lateral geniculate body tend to project to the posterior parts of the 
striate cortex. This spatial relation is further clarified by a comparison of 

the degeneration in the lateral geniculate body of Experiment | with the 
changes in the same nucleus in Poliak and Hayashi’s (1936) chimpanzee, 
which suffered a less extensive occipital lobectomy (more striate cortex 


being spared along the anterior portion of the calcarine fissure). The 






egeneration in this animal does not extend as far anteriorly in the lateral 
geniculate body as that in Experiment 1 of this study, and the degenerated _ 
oa sectors at each level are smaller. . — 
With this information it is possible to illustrate schematically the pro- 
jection of ‘the lateral geniculate body upon the striate cortex of the occipital 


—— lobe (fig. 14). In this diagram the retinal projection upon the medial 


geniculate body and the striate cortex has been included by reference to the 
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4 schema to show the projection of. ihe ateral geniculate body upon 
as determined by this investigation, and the retinal projection 


al geniculate body and striate cortex: on the basis of pey ious 
s . 


- manner of “ figure ` ’ projection described > Poliak becomes apparent from 

— this schema. 

a 2 The degeneration in the lateral geniculate body following a — : 

— temporal lobe ablation would be difficult to understand if the path of the 
-visual radiation were unknown, But many clinical observations have shown 

that the course of the geniculostriate fibres is through the temporal. lobe. | 

The site of degeneration in the lateral geniculate body following the 

- temporal lobe ablation corresponds with portion of the nucleus projecting : 
~- to the inferior lip of the anterior part of the calcarine fissure. Involve 

‘ment of this portion of the visual radiation would be expected to give rise 
























o F ic. 15.—-The myeloarchitectural fields of the iaai region in the — 
chimpanzee after Beck, and the present lesions plotted on this areal map. At the 
deft the lesion in ———— I and at the right that of Experiment 2. 


_ to a superior quadratic defect in the visual field. Clinically Bailey (1933) 

and many others have shown that such a defect is a common occurrence 
th tumours of the temporal lobe. Actually the degeneration in the 
ral geniculate body in Experiment 2 following the temporal lobe 
ion was quite different from that, following an occipital lobe inju y.: 
mpare fig. 1 and fig. 9). The patchy degeneration of the lateral genicu 
ate body in the first instance probably indicates that the component parts 
of. the visual radiation do not maintain an exact constant relationship. : 
hroughout their course, and that there is some. intermingling of theo 
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Fic. 16.—The genieubocartied! ‘aie ast in the macaque — after Walker. 
‘he projection of the medial geniculate body is to the similarly marked «portion 
f ey koniocortex. 





robably i is present in the ‘monkey. Poliak (1932) inclined to the same idea , 


ry “ koniocortex ” in the macaque monkey limited to the superior 
ace of the first temporal convolution. For the chimpanzee Beck has 
d ribed i in detail the myeloarchitectural structure of the Sylvian region 
(fig. 15). The first transverse temporal convolution in this animal is 
rudimentary, and Beck believes that the central auditory projection area 
is not confined to it but extends further poi nory (including TTRi, | 
Ay. — and TTR m). » Ee vas 
— _ The present investigation lends support to a more restricted. locali 











m his experimental studies. Walker (1937) has described an area of 2 
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tion of the auditory projection area; the experiments are, however, still 
insufficient for a detailéd analysis of its exact boundaries or spatial o 





: organization of the radiation. Certainly the fact that a small localized — 

a lesion of the superioresurface of the temporal lobe produces an extensive 
—— zone of retrograde. cell degeneration i in the corresponding medial geniculate _ 
_ body, is strong s evidence in favour of a focal auditory projection area. It is 





difficult to assess the degeneration of the medial geniculate body in the 


— _ second experiment because part of the change is probably due to interrup- 


= tion of the auditory radiation and not to primary damage of the 
auditory “ koniocortex.” For this reason, it can only be concluded that the 
degenerated parts of the medial geniculate body projected to the posterior 
portion of the auditory “ koniocortex ” (fig. 16). The medial portion of the 


o geniculate body sends its fibres to the inner or deeper parts of the cortex on 
-the superior surface of the first temporal convolution. Walker concluded 
~ that roughly an anteroposterior plane projected upon each point of the 
~ Cortex. By this means intricate integrations could be accomplished at the 

thalamic level. Whether such a schema will hold for the projection in the 


i chimpanzee remains to be determined. Certainly the auditory projec tion = 
: appears to have přecise topographical organization throughout its entire 

course. 

IV.—SUMMARY. 

(1) The normal structure and histology of the medial and lateral = 
geniculate bodies of the chimpanzee are described in detail. 

(2) The degenerations in the lateral geniculate body of two- 


a chimpanzees resulting from lesions of the striate cortex and visual  —__ 
radiation are described, and the projection of the lateral geniculate body —— 


eS _ upon the cerebral cortex is analysed. 


_ (3) The degenerations in the medial geniculate body are described in 


two experiments following temporal lobe lesions. The observations 


indicate that the auditory projection area of the chimpanzee is probably 
sharply restricted as in the monkey, to a small area on the superior surface 
of the first temporal convolution, being largely hidden within. the 


_. Sylvian fissure. The spatial organization of the projection is not yet 
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R ESPONSE TO STIMULATION OF THE SOLE: — 
ITS. PHYSIOLOGICAL SIGNIFICANCE AND DIAGNOSTIC VALUE. _ 


BY KURT GOLDSTEIN + 
(New York). 


THE TONIC FOOT: RI 








Tue following responses to stimulation of the sole of the foot are usually : 


; distinguished : (1) the normal plantar flexion reflex of the toes in response 
_.to a moving tactile stimulus, followed by a quick return of the toes to | 
| formal position ; (2) the pathological, or Babinski plantar response. 
~ There remains another reflex phenomenon which has not hitherto 
: peed adequate consideration: namely, the slow tonic plantar flexion and 
_ adduction movement of the toes, with hollowing of the sole and some 
— wrinkling of its skin. 
__... This phenomenon, which we shall speak of as the tonic foot response, 
Aes belongs to that group of tonic responses first described under the name of 
tonic innervation by Liepmann (1900), Goldstein (1909) and by Kleist (1932). 
— Subsquently, examples of a tonic response to stimulation of the palm of the 
hand have been recorded under the title of “ tonic innervation ” by Wilson 
and Walshe (1915), “forced grasping” by Schuster (1923), Schuster and 
__ Pineas (1926), Adie and Critchley (1927) and by others. On the basis of 


aS their own observations Walshe and Robertson (1933) reached the conclusion __ — 
— that in the complex phenomena thus named two separable and distinctcom- o 
_ ponents are present: (a) “ volitional grasping movements ” in _Tesponse to 


- objects seen, or felt in the palm, and (b) “ reflex tonic grasping ” in response 
— oto stretch of the flexor muscles of the digits. 


~ Tn a later publication Walshe and Hunt (1936) confirmed this view and = 
concluded that the first (grasping movement) component is determined by 


— mental factors, while the second (tonic grasp) is “ exclusively a propriocep- 
tive reflex reaction to stretch.” 
ier observers though it is one of importance in understanding the nature 
he phenomenon, with the result that the subject was involved in some _ 











t (From the Ealambia University and Montefiore Hospital, New York.) The. 
thor wishes to express his appreciation to the Rockefeller Foundation for special : 





arry H. Strauss Neurological Fund. 


oe DE T BRAIN VOL. IXI. 18 





Such a distinction had not been made by 


ts aiding him in this study, which was carried out under the auspices of the | 








X -consideration of the diagnostic significance’ of the phenomenon, 





CASE REPORTS. 


= Case 1—A, R., a woman aged 21. She complained that for over two monta 
she had developed a progressive weakness of the right side, sensory impairment in 
the right leg and severe left-sided headaches, On examination there was a right 
_ hemiparesis. The right hand showed defect of two-point discrimination and of 
appreciation of size and shape. There was also postural sensory impairment in the 
right arm. The tendon reflexes on the right were increased and the right plantar 
response was of the Babinski type. The right abdominal reflexes were absent. 
There was no tonic foot response. 
There was exophthalmos of the right eye and bilateral papilledema. A diagnosis 
of left parietal lobe tumour was made. 
At operation a cyst was found in the sub-cortical region of the parietal lobe, 
4 om. from the mid-line on the left side. The cyst wall was dissected out and was 
later reported as glioblastoma multiforme. Two days after the operation, the patient 
complained of severe headaches and general weakness. The pulse rose from 88 
to 120 and the temperature from 98° to 99-4° F, At that time, she had a clear-cut 
tonic plantar response on the left foot. No other pathological signs were seen on 
the left side. Right-sided symptoms were as before. After two days, during which 
the patient improved a great deal generally and the temperature and pulse returned 
to normal, the tonic foot response disappeared and was not subsequently observed 
_ during a period of some 1] months. 











first glance assume that the tonic foot response is a homolateral phenor 
enon. However, a closer observation of the relationship between the | or 


ient led us to consider the phenomenon as an expression of a functional 
angement of the contralateral hemisphere. The phenomenon was only 
observed during the immediate post-operative period, that is, when the 
operated hemisphere was edematous. We may assume that the cedematous 
rene ge compressed the other hemisphere and thus disturbed it func- 
f Eth nis be so, we — relate the t tonic —— to this elec a 








‘Following 1 the case reports there will be a theoretical discussion and a. — 


‘Since there was no evidence of a lesion of the right hemisphere we might ne 






nd. disappearance of the phenomenon and the general condition of the . 









er — ‘sign on. this side, n \otably withou 
ia — leads us to — it as an expression ¢ of but slight disturt — ce 




























m ‘ with ith any. o region — ie — Dat t subsequent cases wil 
show that the frontal lobe seems to be especially important in this respect. : 






Casce 2. =e Gra a male, aged 42, Brain abscess. - 
Eight weeks’ history of sinus infection followed by headache on the right side of 
e head, progressive weakness and sensory loss of the left face, arm and. leg. { 
>. On examination there was a “central type of weakness of the left side of the 
` face, tongue and soft palate, flaccid left hemiplegia with increased tendon reflexes, — 
transient ankle clonus and Babinski plantar response. All forms of sensation. ‘were 
a impaired in the left side, and in the left hand postural sensibility and stereognosis — 
were absent. A right frontal lobe abscess was diagnosed. — 
Aat operation the abscess was found in the posterior part of the middle frontal 
convolution. Three months later a second operation was performed to secure 
adequate drainage. The patient remained in bad general condition for some 
_ months, and after this period the physical signs were as follows: confusion, defective. 
attention and memory for recent events, a strong sucking response to tapping of the 
right side of the mouth, a flaccid left hemiplegia with increased tendon reflexes, a 
-oo variable Babinski plantar response. There was no forced grasping of the hand, but 
E touching the right sole evoked plantar flexion of foot and toes which persisted for 
=- some time. The toes then slowly dorsiflexed and made quick alternating dorsal 
and plantar flexion movements, Of these dorsiflexion was the more rapid and 
became longer-lasting each time. Stimulation of the left plantar a also o 
elicited this tonic response of the right foot. 
ae ; Three weeks later the general condition was markedly worse. The tonic plantar 
ee response of the right foot was not so well-marked as previously. A bilateral Babinski __ a 
response was obtained, and a grasping response of the right hand. The sucking 
= response was present as before. A few days later the general condition became 
— progressively worse, there was early papilloedema and the patient died with symptoms — 
pe es of meningitis. — a 
es Post- -mortem examination.\—The right hemisphere was larger than the left and 
its convolutions were all flattened. The superior longitudinal sinus was shifted to 
— ie left, especially in the frontal region. There was a slight bulging of the right 
gyxrus cinguli compressing the left hemisphere. The right lateral ventricle was con- 
stricted, the left slightly dilated. There was an irregularly shaped abscess in the — 
= region of the right insula, The temporal horn of the right ventricle was: dilated, 
the third ventricle was obliterated and contained a little pus.» There was pus within — 
: horns of the right ventricle. The left hemisphere itself was not involved by the _ 
CESS. : 






























In this patient with a right-sided brain abscess we found left-sided 
ramidal tract symptoms and a tonit foot response on the right side. 


i : 1 The author is indebted tọ Dr. Charles Davison of the Neuro-Pathological - ‘ 
Laboratories of the Montefiore Hospital for the gross and microscopic patholog ogical 
sports, and the permission to use these reports. a 











e —— to thet left side of ch — Later, when: the process sin: 





esponse appeared as the first sign of pressure on the left hemisphere. With d 
he increasing disturbance of the left hemisphere, a Babinski response also 
7 appeared on the right side, simultaneously with some decrease of the tonic 


. a foot response. At this point forced grasping and groping responses of the 
right hand and a sucking phenomenon of*the right side of the mouth | 
appeared. We are inclined to explain these phenomena in the following a 


way. The tonic foot response is the first sign of functional derangement. — 
With an increase of this the Babinski appears and may to some degree mask — 
the tonic response. Later we shall see that both phenomena may be 
observed at the same time. The grasping of the hand may be considered 
as an expression of more severe disorder. The autopsy reports confirmed 
-our assumption by the fact that the right hemisphere was greatly enlarged, 
and, by pressure displaced the left hemisphere. The relationship between 
the tonic response and the frontal lobe was also confirmed. 


Case 3.—H. R., male, aged 30. 

History.—Two and a half years, previously the patient was noted to have 
a fit while asleep. There was stiffness of the extremities and shaking of the entire 
body for five minutes, then a deep unconscious sleep from which he could not be 
roused, These fits recurred at intervals of three to four months. The fits sub- 
sequently became more frequent and were later accompanied by headaches. and 
vomiting. Vision was then noticed to be failing, The clinical diagnosis was tumour 
of the right frontal lobe. 

Operation revealed an astrocytoma of the right frontal lobe. This was treated 
by X-ray therapy. 

Neurological examination.-Six months later, the patient tended to fall asleep, 
was apathetic and unresponsive, disoriented, and showed a memory defect both 


_ retrograde and anterograde. Evidence of motor asphasia and of apraxia of the left 














- extremities were observed. There was incontinence of urine. The left arm deviated = 
and was coarsely tremulous, there was some weakness of the left side of the face 
and nystagmus on deviation to the left, with some weakness of right lateral deviati ea 

of the eyes. The left tendon reflexes were increased, the left upper abdominal ——— 


eflexes absent, the lower feeble. The left plantar response was of the Babinski type. 
nic plantar response to pressure on the right foot, Slight grasping in the right 
_ hand. Bilateral sucking and biting responses to stimuli, right greater than left. The 
patient gradually got worse and died. 

Post-mortem.—Right hemisphere larger than the left. The right frontal con- 
volutions were flattened and apparently infiltrated by a neoplasm. The ventricles 





ght hemisphere increased and this hemisphere \ was swollen, the tonic foot a 






were filled with tumour ‘tissue and were enormously dilated. The ependymal _ — 
lining of the right ventricle was distorted and infiltrated ‘by tumour tissue, Part | 5 


of the tumour invaded the centrum ovale in the region of the inferior parieta 
xe volutions. Cystic degeneration ¢ or porencephalic destruction: was found in the wh 
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matter of the first and second frontal convolutions on the right. The corpus callosum 
was also partially infiltrated by the neoplasm. The tumour infiltration extended back 
into the anterior nucleus of the thalamus, the splenium of the corpus callosum and 
right hippocampus, septym pellucidum, fornix and left hippocampus. Hemorrhagic 
areas were found throughout the thalamus, in the left dentate nucleus extending into 
the region of the left superior peduncles. 


The lesion was in the right fronto-temporal region with pyramidal tract 
symptoms on the left side of the body. With an increase of the process 
there appeared a tonic plantar response on the right foot and a slight 
grasping of the right hand. 

This case also reveals the connection of the tonic foot response with a 
Functional disorder of the anterior part of the brain opposite the site of the 
lesion. 


Mittin TM TT TT 





Fic. 1. 


Case 4.—]. B., female, aged 40. 


History.—She complained of “ splitting ” right-sided headaches for four or five 
months, ceasing spontaneously and reappearing one week after delivery of a child 
in the early part of May, 1935. She vomited and became confused and delirious on 
May 18, 1935, and continued in a state of mental confusion, somnolence and rest- 
lessness. Later she fell into a stupor. 

On examination, she was acutely ill, showing bilateral papilloedema, bilateral 6th 
nerve weakness and left facial weakness, There was generalized hyper-reflexia. 

The clinical diagnosis was tumour of the right fronto-parieto-temporal region. 
Operation on October 6, 1935. A deep sub-cortical glioma in right fronto-temporal 







¢ left. “There were bilate 
able, varying from euphoria to tears. She was restless, speech was indistinct | 
attention defective, though memory was fairly good. There was left 
monymous temporal hemianopia. 

Tonic foot responses were elicited bilaterally ; there was a sucking response on 


_¢ downhill and died. 









inski —— responses aed bilateral tonic — responses. Emotionally she was- — 


‘the left side of the mouth and grasping of the 1&ft hand. She went progressively 


Post-mortem (Brain) (Fig. 1).—-Flattening of practically all the eonvebatinggs 


ge the right hemisphere. Right gyrus cinguli bulged slightly into the left gyrus ; 


= cinguli. The brain stem and cerebellum as well as the right cerebral peduncle were > 
pushecd to the left. Marked oedema of the white matter of the right hemisphere 
with a constriction and slight dilatation of the right lateral ventricle. The right 
‘Internal capsule was more prominent than the left. The thalamus and basal ganglia 
were compressed on the right. A tumour nodule was seen in the region of the 
: temporal lobe and involving also the hippocampal and fusiform gyri. It was cystic 
in r pe of the inferior parietal convolutions. 


Pak portent was especially interesting because she showed the Babinski 
and the tonic response at the same time. That these two phenomena are 
-unrelated seems clear since they were elicited by different stimuli, a slight 
moving stimulus especially at the base of the toes evoking the Babinski 
response, while touch or pressure to the sole produced the tonic 
response. Further, this patient showed on stimulation of one side, the right, 
a tonic response on both sides. 

From the post-mortem examination we are justified in assuming that 
o the tonic response on the right side was due to the pressure on the left - 
lero produced by the tumour in the right hemisphere. We may 
_ assume further that the tonic response was produced by the lesion of the 

— the Babinski By that of the motor area. 












a — S. H. K., male, aged 55, 


nd subsequent left-sided hemiplegia. 
Jperation for a right frontal neoplasm, followed by deep X-ray therapy. Head- 
disappeared and. movements of the left arm and leg returned. In May, 1936, 
headaches. and left hemiparesis returned with periods: of unconsciousness. Some 
years previously he had been treated for Jéad poisoning; and had had tremors of both 
>. hands since that time. 
-© Neurological examination. — retardation, psychomotor restlessness and 
— emotional instability, Slight bilateral papilloedema with secondary optic atrophy on — 
the left. Left. hemiplegia, left hemihypesthesia with astereognosis, fine tre 5 
outstretched right upper extremity, uncertain. and. partia I left homony 
























History. —ilipess began in January, 1936, with frontal ——— vertigo. blurred — 






























THE SOLE 





ct, Absent abdominal reflexes, tonic plantar response of the right foot, pros 
sion of lips to touch on rigħt side of mouth. Course was progressively downhill and 
he patient died, _ - ; : 
-Post-mortem examination.—Right hemisphere slightly smaller than the left, dura 
adherent to the first and second frontal convolutions. Area of necrosis in white 
natter of right hemis phere, near the anterior tip of lateral ventricle. All frontal 
olutions, except orbital, were obliterated. White matter markedly anemic in — 
area of right hemisphere. Tips of frontal convolutions showed a necrotic — 
and abscess-like area which communicated with the tip of the right lateral 
, Microscopic diagnosis: Astrocytoma. 
Summary: “Right frontal neoplasm, left sided symptoms were the first signs. 
-Later there was a tonic plantar response of the right foot and a tonic response of 
-= the mouth musculature to tapping on the right side. Here the relationship between 
the functional disturbance of frontal lobe and the appearance of the tonic foot 
response on the side opposite the lesion is clear. — 























= — Caw 6.—A.§., male, aged 30. 

-  History—For two years he had “ difficulty ” with his right eye and some twitching 
of the right side of the face, which at the end of this period spread to the hand. and 
= foot of the right side. At this time, also, there were severe right-sided headaches 
accompanied. by dizziness and blurred vision. Later, he had a convulsion lasting 
for three hours and consisting of twitching of the right side, frothing at the mouth, 
—  tongue-biting and incontinence, There then developed memory defect, aphasia and- 

an increase of convulsions to three daily. He was operated on twice, to relieve 
| pressure and to remove a cyst, but the symptoms returned. Two further operations 

were followed by X-ray therapy. This led to a slight improvement, but was followed- 

-by a downhill progress. 
Diagnosis was glioblastoma of the left fronto-parietal area. 

Qn return to hospital, marked irritability and a tonic plantar response ‘of the: 
left foot. Grasping response in the left hand with an after-groping in the right — 
hand. There was only a slight grasping response of the right hand. A tonic — 
foot response was elicited to tapping on the right side, and there was a sucking — 
esponse to lip stimulation, Two weeks later there was no tonic plantar response, 
ly a'slight grasping in the left hand with no after groping of the right hand, and i 
grasping in the right hand. The patient became much more cheerful and — 
co-operative and showed marked improvement, and left the hospital. 











a In this case there appears the same relationship between a functional eee 
disturbance of the cerebral hemisphere by pressure and the tonic foot — 
sponse on the side corresponding to the affected hemisphere. With a 
rease of the primary process and improvement of the general condition 
|, as we may assume, a decrease of pressure on the opposite side, the tonic. 


ponse disappeared. ° 













_ This case showed other interesting phenomena. There was bil. 
tonic grasping of the hands. With improvement in the patient's gene’ 
condition this grasping diminished more on the side opposite the tumou 
than on the other side. | 7 












spelle” ?” in which she di 


r years had. — subjec to 
mfused and convulsed on 


ot lose € consciousness, but talked incoherently, wa 











side, including the face. The attack is preceded by a feeling of weakness of the 
ft side, and is followed by transient weakness of that side. Sometimes the aura 
not followed by an attack, and sometimes she is able to keep off an attack by 


: squeezing the left hand with the right, for in the aura the fingers of the left 


hand spread wide apart. On the advice of her doctor she ceased work for sixteen 
months, during which time the attacks ceased „Only to recur when she resumed : 
work. | 


normal. There was blurring of the nasal margin of the right optic disc and 
bilateral fullness of the retinal veins. She was normal mentally. There was a slight 
left hemiparesis, face, arm, leg, the leg being weaker than the arm. There was 
slight inco-ordination of the left hand and arm, The tendon-jerks were increased 
on the left, and there was a doubtful Babinski response on plantar stimulation of 
that side, but on stroking the skin below the external malleolus a more definite 
extensor plantar response was obtained. There was no sensory loss. A radiogram 
showed enlargement of the sella with thinning of the dorsum and posterior clinoid 
processes. A faint cloud-like shadow in the right frontal region suggested the 
possibility of calcification in a tumour, The encephalogram revealed displacement 
of the ventricular system to the left, with downward displacement of the right lateral 
ventricle, which was deformed posterior to the plane of the foramen of Monroe. 

A provisional diagnosis of right frontal tumour was made. At operation no 
abnormal appearance was seen and no tumour found. Needle punctures gave a 
negative result, Two days following operation, the patient had two left-sided seizures 
followed by a flaccid hemiplegia. This slowly improved and tended to become 
spastic. She was discharged to the clinic one month after the operation. . 

Neurological examination (1937).—-Since the operation, the symptoms are 
essentially as before, there is a left hemiplegia with spasticity of the extremities, 
and in the past two years the patient has been able to walk without a stick. Head- 
aches have occurred, but not very severe, “like a band across” frontally and 
bilaterally. In the past few weeks, there has been some nausea but no vomiting. 
‘Hearing is diminished in the right ear (past six months). Intelligence shows marked 


— _ change, similar to that commonly found in frontal lobe involvement, and attention 








> — a opot sided tumour on the left frontal lobe. 


-7 poorly sustained. Tendon hyper-reflexia is marked on the left, slight on the 








ft side. The twitching begins in the foot and. spreads to involve the entire ick : 


On admission to hospital the following signs were aoid: The visual fields wari — 





— ‘right. There is a Babinski response on the left and a tonic plantar foot response: on e 





; ‘the right. There is a tendency to slight tonic grasping in the left hand. Abdominal — 


> reflexes are diminished on the right, absent on the left, Retinal arteries are enlarged — 
and veins engorged, The disc margins are blurred, but visible, and there is some 


— pallor of the left disc. 


In this case a suspected tumour of the right frontal lobe produced 
symptoms. of a left hemiplegia. In “addition, there was to be observed a tonic 





plantar foot response on the right side, as well as a faint grasping of the left — 





hand. We may explain the tonic foot response # as a sequel to the pressure — 











TONIC FOOT. RESPONSE : [ULATION OF THE SOLE 





; and is assumed to be a symptom of the increasing infiltration, of the | 
c neoplasm i in the right Ponta lobe. 





IL. —Discussio¥ o oN w Tae —— OF THE Tontc Foor RESPON SE. 







© As Brain and Curran have described, the phenomenon is to be elicited _ 
o direct pressure upon the sole without a moving stimulus. I should like 
to. add that in my experience an increase of the _ pressure, especially tothe 
hall of the foot, leads to an ihcrease of the response. Painful stimuli are 
similarly effective. The stimulus differs from that by which the Babinski 
response is elicited, the latter being produced by a stroking of the sole. It 
_ differs also from the stimulus by which the normal plantar response is 
elicited, which also consists of a light stroking. 
he tonic phenomenon consists of a flexion and adduction movement of 
the toes, associated with a curving of the foot and wrinkling of the skin of 
the sole. It looks like an “ Umklammerung,” or clasping of the stimulating 
— “object (fig. 2). 
Sometimes this is seen clearly when a pencil is placed at te base of 
the toes. The toes grasp the pencil. The movement is slow, the contraction 
persists with the stimulus, and also for a varying time after stimulation. 
It increases with continuation of the stimulus. Relaxation after removal 
of the stimulus takes place slowly in short jerks. The reaction has a yery 
strongly forced character and in some cases cannot be inhibited by the a 
subject. In individual cases there may be differences as to the duration 
and intensity of the reaction and as to the control of the individual over it. a 
This reaction has been found’ to coincide with the finding of damage of 
ne frontal lobe or of efferent fibres from this part of the brain. Lesions in 
__ volving the medial aspect of the frontal lobe seem especially prone to 
— produce it. Signs of a lesion of the pyramidal tracts (the motor area) may 
co-exist with the tonic response, but they are not related. This may be | 
verified by the fact that. they are to be elicited by different stimuli. Some- soo 
_ times severe pyramidal tract. lesions seem to cover or mask the tonic 
— response. The tonic response is a sign of slight damage of the frontal lobe, 
of which it seems to be the first expression. Therefore, it is to be observed 
t seldom on the side homolateral to an expanding lesion of the brain, — 






















1 Observation of a large number of Papients during insulin treatment showe 
e that a markedly developed tonic foot response is a very common finding in this 
——— condition. The phenomenon appears relatively early and remains for a very. Jong ; 
ooo time. If the Babinski is present, sometimes the former phenomenon disappears, j 
O: at times, both’ reactions can be elicited. The tonic foot response is frequently 
accompanied by a grasping in the hands and by a tonic c phenomenon of the lips. 
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ATION OF THE SOLE — 






n mely, when there is , inyolvement ok the opposite side by pressure. The 
tonic foot response. is essentially a contralateral symptom, but its homo- _ 
late is particula ly characteristic of brain tumours. If the _ 
causative i invo ment of he frontal lobe increases, especially if it should 
involve the more lateral” regions: of this lobe there also appears a tonic = 
— in the hand, and a tonic response il in the lips of the same side. | 













III. —Tue Natvure*or THe Tonic Foor RESPONSE. 


Thei is no doubt that the tonic foot response is of a similar character : o : 
to the tonic grasping of the hand. Our conception of the nature of the tonic 
foot response is therefore determined by our conception of the tonic o o 
grasping of the hand. The latter has usually been considered as a release 

-of a phylogenetic reflex or as a compulsive normal grasping, or as a grasping 
reflex of infants, inhibited in adults. That this phenomenon i is not caused 
by the reappearance of a subhuman reflex is to be seen in the fact that tonic 

_ foot-grasping, according to the investigation of Brain and Curran, is not 

observed either in (adult) monkeys or in anthropoid apes. 

As T have explained elsewhere (1931), the so-called forced grasping of 
the hand has nothing to do with the normal grasping of adults, but is a 

_ pathological phenomenon, an expression of an abnormal reaction to stimuli, 

corresponding to reactions characteristic for parts of the nervous system 

isolated from the higher centres. As I have suggested (1936), every reaction 
of the organism starts with a turning-to movement of the organism towards 
the stimulus object, by which the organism achieves a connection with this — ae 

È object. Normally, this first step is followed by the reaction corresponding — 
_ to the task which the situation demands and therefore represents only a 
— short transient part of the reaction. Under some pathological conditions a 

this “ turning-to ” movement appears isolated and gains by this isolation an 

abnormally forced appearance. This is to be observed especially in lesions 
of the cerebellum and frontal lobe. One expression of this abnormal. 
=“ turning-to ” reaction is the so-called forced grasping of the hand. | believe 
the same is the case in the tonic plantar response of the foot. With this 

onsideration it is intelligible that a very simple stimulus such as pres- 
or touch is sufficient to elicit the reaction, and, further, that an increase 
the stimulus leads to an increase of the reaction. The fact that this tonic 
ponse is — elicited by d disagreeabfe.stimulation makes it appear very 
unl ‘Tol d grasping has anything to do with normal grasping. _ 
he nomal ind vidual is not inclined to grasp disagreeable objects. There- 
əre the phenomenon should not be called forced grasping but rather anoc 
bnormally forced ““ turning-ta ’’ movement. i 
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TONIC. FOOT “RESPONSE TO STIMULATION oF THE SOLE 281 
T ‘That the phenomenon under discussion has nothing to de with the — 
graspin g of an object, but represents a forced turnin g toward the stimulus, 
is to be seen in an observation which may be made in some patients. with 
so-called forced grasping i of the hand. If, instead of the palm, the dorsal 
de of the hand be stimulated, then we may observe a movement of the 
ne forced character, directed not palmarward but dorsally (fig. 3). Such | 

action cannot have anything to do with grasping but is intelligible on 








o abnormal “ turning-to ` ’ movement towards the stimulus. One particularly — 
< clear example of the dorsal reaction has been published in my former clinic 
by H. Cohn (1930). 
[have seen a corresponding phenomenon in the foot in a case of tonic 
_. foot response. On stimulating the dorsiflexors of the toes, after a certain 
a 4 S time there appeared a slow dorsal movement of the toes, especially of the big 
o to, increasing with the continuation of the stimulus and persisting for some 
—— time after its cessation. 
_ The so-called forced grasping also has nothing to do with the very 
— intense grasping of children. However, in early childhood, we may observe 
a forced clasping of the hand which disappears gradually as-the child learns 
to use his hand, i.e. becomes capable of real grasping. This forced clasping 
_ corresponds to the pathological grasping, so-called forced grasping of the 
adults. It is an abnormal “ turning-to ” movement. It corresponds to the 
‘isolation of the function of the concerned brain centres, as a result of the 
— immaturity of the higher centres in early childhood. For the same reason 
we observe a tonic foot response in children and its disappearance later 





: same principle as the so-called grasping, namely, as an expression ofan ` 





Hep than the phenomenon in the hand is intelligible because the child only _ n 


_ learns later to use his foot for a purposeful movement. Brain and Curran 
- have observed that the tonic response does not usually disappear before the © 
ninth month of life, sometimes much later. My observations lead me to 
- agree with these authors and with the similar description of the phenom- 

enon which Sittig has given. The latter’s observations accord with those 

of Brain and Curran as to the presence of the tonic foot response in young 
= monkeys—but not in adults. This view of the tonic foot response makes it 
easy for us to understand that patients who present the tonic foot or hand 
enomenon also present a similar type of phenomenon of the lip: this has 













is such a thing as a true reflex in adults corresponding to the sucking of an` 
nfant. The. phenomenon under consideration is not related to sucking. 7 
T is becomes c ear since we are able to observe the phenomenon on one side 
-= only. A tap on the lip is followed by a unilateral pouting movement and 
-dosing of the lips, a pattern which does not correspond to sucking. It cor- 








usu ally been called a sucking reflex. I shall not discuss here whether there _ i 





r-to ” 
















“Wy. Tee Diacnostic SIGNIFICANCE oF THE Tome Foor RESPONSE. 


i As we have seen, these tonic responses appear as the first signs of an 
volvement of the anterior part of the cortex, especially of the frontal lobe, 
en earlier, as I believe, than the Babinski sign or other pyramidal tract 
gns. Therefore they possess a diagnostic yalue for a lesion in this region. _ 
he tonic response of the foot arises especially with a lesion of the medial : 
= part of the frontal lobe, and a lesion which involves the lateral parts « of this 
region is also followed by tonic hand grasping and a tonic lip response. — 
Should these phenomena be combined with pyramidal tract signs, we may 
then assume an associated lesion of the motor area. The tonic foot response | 
is of special interest in cases of brain tumour since its appearance on the side 
homolateral to the tumour allows us to assume that the disease process has 
taken on a progressive character and presses upon the crossed hemisphere. 
“Thus it may well be the first sign of oedema of the brain after operation 
for a tumour. 
SUMMARY. 


(1) This study is concerned with the tonic response of the foot to stimu- 
lation of the sole. The character of the reaction is described. It is a slow 
movement, elicited by touch or pressure to the sole of the ball of the foot. 
Increasing stimulation, especially if painful, leads to an increase of the 
movement. The posture persists for some time after cessation of stimulation 
and then the foot slowly returns to its habitual position. 

_... (2) A relationship.is suggested between the tonic foot response and lesions 
of the frontal lobe. This tonic response is considered as one of the earliest 
signs of a lesion of the frontal lobe. It appears ‘earlier than the Babinski 
nse or ‘other pyramidal tract signs. 
QB) Therefore the tonic foot response has a special diagnostic val 
especially when it appears on the side homolateral to a lesion of the f fron 
lobe. It then indicates that the affection of the one frontal lobe is pressing 
n the frontal lobe of the other side or.that there has been a spread of the 
cess into the crossed side. It is a symptom which points especially to a 
ion. of the medial part of the frontal lobe. 
(4) The tonic foot response, ip ‘the same way as the so-called forced 
grasping of the hand, is not related to the normal: phenomenon of grasping. - 
It is an expression of an abnormal “ turning-to ” movement of the organisn = 
© to the stimulus object, and appears asa response of the lower mechanisn 
— when’ the “ higher centres, Sew of the frontal lobes, are dam ged: 
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an 1 physiology if a homologue of the nucleus ruber magnocellularis 
rubrospinal | racet. exist in man. This, however, has been doubted 
HS The — contribution is an attempt to throw 





at in man — red nucleus is in its eyto architecture 
conn ections a complicated centre and. very different * 
J anthropoid apes (fig. 1). -von Monakow (1910) 

ertz in morphological features that a small residuum « ot 




















À — The grey Hien ions , of te human mid-brain at the level of the caudal — 

‘the red nucleus. The small circles indicate the position where the few giant 

“motor cells can be found which are regarded as a residuum of the n, ruber magno- 
cellularis. (Half-schematic.) 





_ the n. ruber magnocellularis: existed in man. Its position is the level of 
: nucleus albus.” of Stilling (the brachium conjunctivum oral to its 
ssation), the caudal tip of the main red nucleus and the transition 
een nuclei. of the 3rd and 4th nerves. Small clusters of giant | 
cel of a “ motor ” " type may be found én two different places in the cross 
section (fig. 2). One group is ventral and lateral to the 3rd nucleus, 

between the latter and the centre of the brachium conjunctivum, the 
other group is dorsal to the substantia nigra, between the latter and the 
— conjunctivum. This distribution, however, and the size of the 
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: "groups vary. greatly with different indiv itia 
—— they occupy only a short distance and on à 


men about three cells in one section he 








F he — * COR) e me: 
This morphological identification, however, 3 is not e wholly. suffi c] 
because cells of exactly the same appearance — are ‘to be found — in th 
reticular substance of the medulla. „oblongata in man (n. motorius 


gigantocellularis, Jacobsohn, 1909). Therefore it has also to be proved 
that a rubrospinal tract arises from the mesencephalic group of cells. 


It can easily be realized that a fibre tract originating from these cells, : 
must be very fine, and its degeneration difficult to detect. z 


The evidence that this tract exists in man is very scanty. Tn thei com u 
paratively large literature + on mesencephalic lesions with resulting — z 


_degenerations of efferent systems (Collier and Buzzard, 1901, Raymond _ 


and Cestan, 1902, Haenel, 1902, Halban and Infeld, 1902, Marie and z 


~ Guillain, 1903, Gordon Holmes, 1904, H. Claude, 1912, Souques, Crouzon — 
and Bertrand, 1930, André-Thomas, 1936) only two reports of degeneration — 
of the rubrospinal tract Collier and Buzzard, and Gordon Holmes) a are 4 
to be found. Ag? 
Among the cases of thrombosis of the posterior inferior — 
artery described in the literature there is none which shows a secondary 
degeneration of the rubrospinal tract in the spinal cord (André-Thomas, | 
1936) although | its situation in the retro-olivary area would lead us to 
expect this. Déjérine : and Long (1912) in their study of a complete trans- 
verse lesion of the cervical cord in man did not see any degeneration. A 
the rubrospinal tract caudal to the lesion. f r 
The opposite method, Le. to look for retrograde — at the s 
n. ruber magnocellularis, following medullary or spinal lesions appears 
more promising. It has, however, been used in very few cases (Monakow, 
1910, Winkler, 1929). Monakow described a case of cervical syringo- 
myelia in which the cells of the n.*ruber magnocellularis had disappeared. 
Winkler, however, remarks that in such long- standing cases a transneuronal 
degeneration resulting from lesions of afferent. a cannot be excluded 
with certainty. a X _ 
Gagel (1932) in. examining Foerster's cases of ——— reported that 


PLATE XV. 





Fie. 4b. 


Fie 4a. 6 


. 
Fic. 3. Case ]l.—Cells of the n. ruber magnocellularis. Typical retrograde cell 


change. (Nissl. x 200.) 
Fic. 4a. Case 2.—Cell in the n. ruber magnocellularis on the left side. 


grade degeneration, (Nissl. x 750.) 
Fic. 4b. Case 2.—Normal cell of the n. ruber magnocellularis on the right 


— — 


side, (Nissl. x 750.) 


Retro- 


To illustrate Article by Karl Stern 
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UCLEUS RUBER MAGNOCELLUL 


he « id not see any retrograde changes of neurons in the medulla oblongata 
or r mid: brain except in Deiters’ nucleus, 

-homas 36) reporting one case of a mesencephalic lesion and 
e litera ure. on the same type of case doubts the existence of a 
rospinal tract in man and criticizes the few positive findings. 





PERSONAL OBSERVATIONS. 


ae For this investigation twe oes were chosen in which (considering the 
interval between lesion id . ath) one would expect signs of retrograde 
degeneration in the cells of the large-celled red nucleus provided there was 
an uninterrupted pathway. 


(1) The first case (F. C., P.M. No. 32, 1936) is one of paraplegia from invasion 
F of the spine by a bronchial carcinoma. The patient, a man aged 40, had suffered 
for six weeks from a feeling of deadness from the chest downwards and from 
inability to move the legs. These symptoms had developed within three days. He 
-had lost control of his sphincters. 
“On examination there was complete sensory loss and complete paralysis below 
the 4th thoracic: segmental level. He developed bronchopneumonia and 
= died six weeks after the onset of his. neurological symptoms. 
Post-mortem examination (Dr. J. G. Greenfield) revealed a bronchial carcinoma 
: with extrathecal spinal metastases. There were carcinomatous masses in the 
muscles of the right side of the spine between the first and second ribs. The 
-Jamina were soft at these levels. Inside the canal there was a mass at the level 
of the 2nd thoracic body and opposite the 6th thoracic body. The cord was 
completely softened from the lower end of the 4th to the 10th thoracic segments. 
‘There were a few secondary growths of the size of a split pea in the frontal lobe. 
The rest of the cerebrum, the cerebellum and the brain-stem were free from 
secondary growths. 

Microscopical examination of the cord in the softened area showed that the 
softening occupied — the entire cross section and was most marked 
centrally. 

The microscopical examination of the mid-brain in the area of the large-celled 
red nucleus by serial sections 15 y thick and stained by Nissl’s method showed a 
perfect Nissl! structure in the cells immediately adjoining the nucleus ruber 

_ magnocellularis (e.g. nucleus of the 3rd nerve, substantia nigra, mesencephalic 
nucleus of the 5th nerve). The glia was normal everywhere. The large-celled red 
ucleus was represented chiefly in the- dorsal area, where cells in every section 
ed the typical picture of a retrograde chromatolytic change. On the right 
“side the abnormal cells could be seen in clusters (fig. 3), on the left side as single 
cells and groups of two or three distributed ever several sections. 






(2) The second case (H. B., 1936) was one of thrombosis of the posterior inferior 

_. cerebellar artery. A’ man of 48 suddenly became ill with the typical symptoms 
o f the lateral bulbar syndrome. There was partial loss of use, and gross ataxia and 
asynergia of his right arm and leg, a complete anesthesia of the right half of the 
face, hoarse voice, and a loss of sensation to pain over the left half of the body and 





















eft. imbs. — died fourteen days after the onset of the hens. Post- 
ie typical — — area in y the medulla oblongata was necrotic w 
2 complete loss of myelin sheaths, — 
Phe. mid-brain was examined in serial sections is; m thik) every fifth and. sixth of i 
hich were stained. ‘The available blocks extended from the middle of the anterior 
olliculus down to the * ‘nucleus albus.” 
are Many nerve cells showed a marked degree of lipoid change. Nevertheless the 
— Nissl. structure in the cells of the 3rd and 4th nerve nuclei and of the substantia 
nigra was clear, In a section of the large- -celled*red nucleus, which in this case lay 
chiefly in the ventral position, retrograde chromatolytic changes were seen in all. 
othe cells on the left side (fig. 4a). The cells on the right side were normal (fig. 46). 
The same difference could be seen in adjoining sections, By staining only the fiith — 
and sixth sections a part of the large-celled red nucleus was unfortunately lost. 
The appearance of the main red nucleus was normal. So was the appearance 
of the field of the reticular substance lateral to the nucleus albus (area parabigemina 
of Mingazzini} which Winkler regards as another residuum of the “ palaeo-rubrum.” 
The nerve cells in this area, however, show normally an irregular Nissl pattern and 
eccentric nuclei so that retrograde changes cannot be stated with certainty. 











From the two cases described we may conclude that the few large motor _ 
cells at the caudal end of the red nucleus possess axons which reach at least 
as far as the upper thoracic cord, that these axons cross above the level of 
the medulla oblongata and that they pass through the retro-olivary area. 
This study affords further evidence that a residuum of the “ palaeo- 
rubrum ” and a true rubrospinal tract exist in man. On the other hand 
it demonstrates the extremely small size of this system in man compared 
with that of the animals commonly used for experiments, and shows how 
careful we must be in applying the results thereby obtained to the 
physiology of the human red nucleus. 


SUMMARY. 


— -Jna case ai spinal transy erse lesion at a high thoracic level and in a | 
— of thrombosis of the posterior inferior cerebellar artery the n. — — 
magnocellularis (v. Monakow) was investigated for retrograde chromato. 
-lytic changes. In the first case such changes were present on both sides, 
-in the second case they were confined to the side opposite to that of the 
lesion. These findings may be regarded as evidence that a rudimentary 
| o “and rubrospinal tract exist in man, a question which 
s still the subject of discussion ig the literature. 
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THE LOCAL SWEAT RESPONSE TO FARADIC STIMULATION. 
BY R. W. WILKINS (BALTIMORE), H. W. NEWMAN (SAN FRANCISCO), 
= J. DOUPE (WINNIPEG). 


‘From the Research U nit, National Hospital, Queen Square, London.) _ 
. ; 


o H — been fonnd that —— of the skin by alternating or faradic — 
cCurrent causes secretion of sweat in the surrounding area. In the. presen 










paper this response is described together with some experiments carried he 


out to determine its mechanism. 
= METHODS. 

The stimulating current was applied by a needle electrode which was 
guarded to within | mm. of its tip. This permitted adequate contact with 
a minimum of trauma to the skin. The indifferent electrode, a zinc pad 
moistened with saline, was strapped to the skin some distance from the. 
area under observation. The current was derived from an audiometer 
circuit which allowed the regulation of frequency, amperage and voltage. 
Unless otherwise stated, the stimulating current was 0:25 to 0'5 milliampere 
at 50 cycles per second for one minute, Sweating was detected by the 
method of Minor (1929). After the selected area of skin had been cleansed 
with ether it was painted with a solution consisting of iodine 1:5 grm., 
oleum ricini 10 c.c. and absolute alcohol 90 c.c. When this had dried the 
area was lightly dusted with powdered starch. Sweat was easily recognized 
by the appearance of blue-black dots on the light-brown background. The 
_ majority of observations were made on the fore-arm of subjects in a moder- 
ately warm state. The subjects consisted of a group of five normal young 


| “site of the lesions will be described with the results obtained in th 
_ Subjects. eo 
: RESULTS. 


a ‘General description. —Approximately 200 observations have been made 


on the volar surface of the forearm. The usual response consisted of sweat- 









ing around the point of stimulation i in an oval area approximately 3 by 
5 cm. disposed longitudinally in’ the axis of the limb. _ ‘The response 


} Work done while Dr. Doupe held a Halley-Stewart Research , Fellowaliipe. Dre 





— wman a Rockefeller Fe oe and Dr. Wilkins a Fellowship of the Am ork 
ollege of Physicians. — 





ults and a group of ten patients with lesions of the nervous system. | The 
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ay commonly extended slightly further in the distal direction, and its borders 
= were irregular. Not infrequently a group of glands 8 or 10 cm. from the 
point of stimulation and generally situated distally were activated. There 
was, however, considerable variation in the area of the response obtained 
=o from stimulation of different points. Ea 
_. The sequence of events was as follows. After a latent period of ten to 
een seconds from the beginning of stimulation, secretion, as shown by 
_ the appearance of discrete blue spots, began in the glands closest to the 
point of stimulation, and then*spread to glands in the more outlying area. 
At the same time that those farthest away showed evidence of secretion 
some of the more central glands were still inactive. The intensity of the 
response in terms of the number of glands was greatest near the site of 
stimulation and not infrequently the blue spots coalesced. Sometimes the 
_. border was fairly sharp, while at other times it was vague, with the secreting 
glands separated widely at the periphery. The amount of sweat secreted 
-by individual glands also appeared to be greater nearer the point of stimu- 
Jation. In several instances after the cessation of the stimulus fresh spots 
appeared. When the duration of stimulation was prolonged to five minutes, 
few fresh spots appeared after the first minute, but the amount of sweat 
secreted increased with the duration of the stimulus. 

The pilomotor response described by Lewis and Marvin (1927) appeared 
some two to five seconds before sweating was evident. While the areas 
involved were approximately the same size, the distribution of the goose 

flesh and secreting glands did not always coincide. 
- General conditions necessary for the production of the response.—The 
a response was most easily elicited in subjects who were on the verge of sweat- 
p ing and when the skin was warm. It was, however, obtained even when the 
| subject was so cold that he was shivering. In this instance the response 
was augmented in size and intensity by shining a warm light on the part 
under observation. This indicated the importance of the temperature of 
the skin, which was shown in another way. Two flat-bottomed test tubes 
| cm. in diameter were applied to the skin | cm. apart. One was filled with 
_ içe water and the other with water at 45° C. Stimulation at a point mid- 
< way between the two tubes produced a response which was deficient under 

— the cold tube and intensified under the hot. 

Poariation in different regions of the body.—The response on the fore- 
arin has been described above. Very rasely were points encountered which 
on stimulation gave rise to no sweating. Changing the position of the 

















to be obtained. Observations on other parts of the body showed that the 












electrode by as little as 2 to 3 mm. was sufficient to enable a good response = 















onse was roughly parallel to the 
in the regions examined, as given by Kuno (1934 a). On th 
the mid-line the response was intense and fairly linear in a — 

















id in three subjects with unilateral root section of the 5th sensory root. 
In the latter the sweat response did not spread from the anesthetic area 
cross to the normal side, nor in the reverse direction. More laterally on 


ees the forehead the response was sparse, as it was also on the 












: -anterior surface of the chest, the thigh and fhe calf. On the dorsum of the — 


direction. It did not cross the mid-line in three normal subjects 


— -foot a moderate response was obtained, which was again disposed in the ok 
_. long axis of the member. On the chest an attempt was made to determine 


“if the response crossed the mid-line. Stimulation at a point | cm. to the 
right of the mid-line produced sweating which extended | cm. to the other 
_ side. Owing to the small size of the response in this region it was- not 
possible to obtain evidence sufficient to exclude the possibility of this spread 
‘to the other side being due to overlap across the mid-line. 

It has been noticed that sweat appeared on the palms regardless of the 
site of the stimulus. This was interpreted as a response to the pain. When 
-the stimulus was applied to a point on the palm the usual local response was 
not obtained ; on the contrary the diffuse palmar sweating arising from 
the pain of the stimulus seemed to be locally inhibited. — 

The stimulus.—Various types of stimuli were used in an attempt to 
provoke the local sweat response. Injury to the skin by crushing and other 
forms of trauma caused no sweating, even though a well-marked flare 
developed. Intense heating by focusing the rays of a powerful lamp on 
a spot 2 to 3 mm. in diameter caused a slight production of moisture in 
the area heated, but no suggestion of a spreading response. Kuno (1934 b) 
in a similar experiment failed to obtain any evidence of a spreading 
_ Tesponse beyond the area locally heated. Stimulation with a constant direct 
<- current of | milliampere or with an alternating current of 25 milliamperes. 


at frequencies above 10,000 cycles did not produce sweat. The optimum —__ 





frequency for the production of the response was investigated by choosing 


A point on the forearm which on stimulation at 50 cycles gave a good 
esponse. To this point repeated stimulations at varying frequencies for 
ne minute were applied and the results compared. The optimum 
frequency was found to lie between 10 and 30 cycles and the limits — 
between 5 and 10,000 cycles. ° l — 
Latent pertod—The latent period before the appearance of sweat varied 


t 50 cycles it ranged from ten to twenty seconds, That the stimulation had a 


_ with the strength and frequency of the current. Using 0-25 milliampere 
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produced some effect before this time was indicated by the following — 
G observation. In response to a current of 0-1 milliampere at 50 cycles sweat 
ee appeared at twenty-six seconds. The area was then reprepared and the ee 
oe same spot stimulated with the same current for periods of three seconds at ~ 
ne-minute intervals. Sweat appeared during the third period of stimula- 
n. It was thus apparent that some change had occurred in the glands ` 
in three seconds of stimulation and that this state continued after the — 
cessation of the stimulation. „It was also found that prompt re-stimulation 
of a spot from which a good response had been obtained occasionally. 
produced immediate sweating. It was not possible to demonstrate what 
portion of the apparent latent period was required for mere filling of the 
ducts of the glands. 
Constancy of the response—Maximal stimulation at one spot on 
repeated occasions produced responses of the same general configuration 
with the same glands participating. This was found by careful experi- 
_ mentation with a magnifying lens, the spots being related to lines drawn 
on the skin with Ziehl-Neelsen stain. Local heating of part of the area 
involved in the response during the stimulation increased the amount of 
~ sweat secreted but not the number of glands secreting in the part heated. 
` Area of overlap.—tIt was readily demonstrated by a series of stimula- 
tions at a number of points separated by 0°5 cm. that the areas of the 
different responses showed considerable overlapping. The borders of the 
-response did not shift regularly with the change in site of the stimulus, but 
_ due to the wide variations in the size and shape of the response produced 
_ from different points no further conclusion could be drawn from. this 
_ procedure. A more particular examination of the response of one gland 
_ was made with a magnifying glass. This showed that the same gland 
could be activated by stimuli applied at points 2 cm. apart, although very 
many of the glands which partook in the one response did not do so in the 
other, and the general configuration of the two responses was dissimilar. 
Nervous pathways—-That the response was dependent on nervous 
connections was repeatedly shown in normal subjects by the absence of the 
2 response after laying down a novocain wheal at the site of the stimulus. 
. control injection of normal saline did not alter the response. F urther 
vidence was obtained in a patient who had sustained trauma to the right 
rachial plexus seven months previously. There was complete w asting: of 
the fore-arm muscles and complete loss of sensation in the segmental distri- | 
` bution C5 to DI. Stimulation in the anesthetic area gave no response a 
even though the part was artificially warmed. The possibility that the 
bweat glands in this region had become atrophied was excluded by the 
































eatin nduced — — intracut usi injection oft 0: í cc. 0 


‘cent. mecholyl,. 
















_ Stimulation of the normal arm in this subject pro. : 


> a duced a marked response. An intact peripheral nervous system is. thus- | : 









| requisite for the production of the response. In two individuals who had 
dergone excision of the stellate ganglion some years previously no 
sponse was obtained in the arm deprived of its post-ganglionic sym- 
-o pathetic nerve fibres. It appeared, therefore, that an intact post-ganglionic 
sympathetic innervation was necessary. Two patients with section of the 

thoracic sy mpathetic trunk immediately below the stellate ganglion and 


two with lumbar sympathectomy had normal responses in the affected 2 
areas. That the operative procedures had been successful and that regener- 


ation had not occurred in these cases was shown by the complete absence 
of sweating on the palms or soles in response to a painful stimulus. This 
simple test offered a very precise criterion for the determination of the 
continuity of the pre- and post-ganglionic’ sympathetic nerves. The 
results obtained in these subjects showed that the pre-ganglionic connec- 
tions of the sympathetic fibres were unnecessary for the production of the 
local sweat response to faradic stimulation. It was then shown that the 
ganglion itself played no part by three experiments in which a cutaneous 
nerve was blocked with 2 per cent. novocain. It has been repeatedly 
shown that this procedure prevents sweating of central origin in the peri- 
pheral area of anesthesia, yet in this area the local response was obtained 
with ease. 
Attention was next given to the mode of spread of the response. The 
fact that repeated stimulations of one spot always activated the identical 
group of glands suggested that a nervous connection existed betweem the 
point of stimulation and the glands. This was confirmed in the following 
way. First, it was determined that an intradermal injection of normal 
hae = — in no way affected the response. Secondly, on fifteen occasions Ol cc, 







2 per cent, novocain was injected intracutaneously to form a smalt 


a ‘weal Stimulation on top of the wheal caused no response. Stimulation 
slightly to either side of the wheal produced sweating in the usual area, 


except on the surface of the wheal and in a segment on the opposite side. 
7 -The borders of the small region where sweating was absent were not 
ost ‘ictly radial, but appeared to be more nearly parallel and separated by 
approximately the width of the whegl. This was true so long as the wheal 

had a diameter greater than 05*cm. A smaller wheal permitted the 

_ passage of the response around it. That even such small wheals were- 

. effective in blocking the nerves was indicated by the observation that stimu- | 


ae atiom i in the zone of anæsthesid around and on top of the wheal produced > 2 
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no response. Furthermore, it was found that the effect of a sweat-stimu- _ 
f = lating drug, mecholyl, which introduced intradermally rapidly diff ases o 
and gives a wide area of sweat (Myerson et al., 1937) was not altered by k 
oon intradermal novocain, except that sweat did not appear on the wheal. n 
- Using the rubber band technique of Lewis (1937) it was found that the 
Yves mediating the responses were relatively undisturbed by pressure. 
On three occasions a tense rubber band 10 mm. in width was placed 
across the volar surface of the forearm. It was found that stimulation to — 
either side of the band caused sweat to appear on the other side. This 
phenomenon was still present after 30, 37 and 120 minutes, at which ume ee 
there was well-marked analgesia in a tongue-shaped area qaroming 3 to 
4 cm. distal to the band. ‘ 
Incidental observations.—Stimulation to one side of an intradermal 
injection of 0-2 c.c. of 0-2 per cent. atropine inhibited sweating locally, but 
did not otherwise affect the spread of the response. A wheal produced by 
an injection of 0-05 per cent. prostigmin showed an augmented response 
zon its surface after stimulation to one side of it. 











Discussion. 

It is recognized that electrical stimulation is an unnatural means of 
producing sweat and that this response may not occur physiologically in a 
normal subject. However, the activity of a sweat gland induced by this 
means has apparently the same peripheral mechanism as that brought 
about by normal innervation, for it is inhibited by atropine, augmented by = 

prostigmin, and has the same relationship to the temperature of the skin o 
(Kuno, 1934 c). That sweat glands themselves and not simply their smooth 
= muscle fibres are stimulated by the faradic current is indicated by. the 
observation that continued and increasing quantities of sweat could be 
produced by prolonged stimulation. The possibility that spread of current 
may directly stimulate the glands is ruled out by the observations. that 
stimulation at certain points is ineffective, while a slight shift in the posi- 
| tion of the electrode produces a good response, and that stimulation over 
very small wheals of novocain does not produce the response. | 
<- It has been shown that this local sweat response to faradic stimulation 
is dependent on the integrity of sympathetic fibres to the skin, but that it is 
g i 2 independent of their ganglionic connections. It is possible that following — 
stimulation locally a substance is produced which diffuses radially from 
the point of stimulation. It is apparent, however, that the diffusion of a — 
-sweat-producing substance would not explain the constancy of the response — 
nor the blocking action of intradermal novocain on the spread of the 













R pression aad have a low optimum — stimulation. 


-The spread. of the response is of some interest, as its analysis may give. a — 
iche to the arrangement and distribution of the terminal filaments of the 


‘sympathetic nerves. The fact that one gland may be stimulated from 
several different points might suggest that each individual gland has a 
| multiple innervation. This is improbable because of the large number of 
- nerve endings which would be required. Another explanation is the 
-< presence of a peripheral plexus or interlacing network of nerves. Such a 
_ plexus fails to explain why the response does not pass around a wheal of 
novocain. | 
| Another possibility, better supported by the experimental evidence, is 
- that not one but numerous interdigitating branched axone systems are 
being stimulated. It is suggested that the sympathetic fibres innervating 
sweat glands divide near their terminations into many fine filaments which 
radiate through the skin in all directions. Each such ramification may be 
called an axone system. These axone systems overlap each other to a very 
considerable extent, and at any given point in the skin many axones 
belonging to different systems are present. It is evident that an axone 
system which has its centre near the site of stimulation will be much more 
: likely to supply a fibre passing this point than one which has its centre 
fur her away. ` This conception would fulfil the following requisites. 






Stimulation ata single point would activate the majority of the glands close 3 


ce — — to the site of stimulation. As the axone systems supplying the glands. lying Fo 
_at the periphery of the response would not all be represented at the point io 











stimulation, only such as are there represented would respond. The 
ands at the periphery which did respond would usually do so later and 
less. ‘intensely. than those near the stimulus, because the axone systems 
supplying | them would be less likely. te receive the full force of the stimulus 
than the axone systems whose fibres are concentrated at that point. 
- Stimulation. at» one point on repeated occasions would give consistent 
responses. Stimulation at many different points along the one axone 
stem would always cause a | given gland to secrete. A very small wheal 
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f novocain would not entirely block the passage of impulses to — plane 
on the other side of it, while a larger wheal would do so. It would ni 
‘matter to which side. of the novocain the stimulus was applied. By th 
cation of making. each axone system extend over a narrower 
—— area the shape of the response on the forehead and 
would be explained. Inasmuch, therefore, as this theory fits all the 
tved facts it is suggested as a probable representation of the actu; 
nditions present. ‘Tf this be,granted, it may be deduced that t the e din net 
of an axone system is equal to the radius of the response. 2 
- however, be considerable variability in the length of the eminal rac a 
a filaments to account for the outlying groups of glands which -may be 
— Activated. J 






































SUMMARY. 


A local sweat response to faradic stimulation of the skin has been — 
described. 
- : It depends on a local axone reflex mediated by the post-ganglionic 
— sympathetic fibres. 
Many overlapping axone systems are involved. 


_ The authors wish to express their gratitude to Professor J. Paterson Ross 

. for making available the subjects on whom sympathectomy had been per- -o 
formed, and to Dr. E. Arnold Carmichael, under whose eas the works 

< was carried out. 





REFERENCES. ORE 

Kuno, Y. (1934 a); “The Physiology of Human Perspiration,” p. 7. J. & AS 
= Churchill, Ltd., London. e. eee 

Idem (1934 b), Thid., p. 109. 

Idem (1934 c), Ibid., p. 117. 

Be o Lewis, T. (1937), Clin, ee 3, 59. 

Lewis, T., and Marvin, H. M. (1927), J. Physiol, 64, 88. 
Minor, V. (1929), Ber. ai Physiol. exp. Pharm., 48, 539. Hee aie e 
Myerson, C., Loman, J, and RisxeL, M. (1937), Amer. J. med, Sci, 1946,75 













SEMINATION OF A GLIOMA OF THE SPINAL CORD IN 
| THE LEPTOMENINGES:' 


BY KENNETH Gi EDEN. 


— fines Ollivier (1837) first described the condition a number of cases oo 
— cf so-called ‘ ‘primary diffuse sarcomatosis of the cerebral and spinal : 
= meninges,” ‘have been described. The later discovery of neuroglial fibres 

m such new formations led Pels-Leusden (1898) to employ the term glio- 
sarcoma. When the diference between sarcoma of connective tissue 
- derivation and. glioma arising from the central nervous system became 
clear, this self-contradictory term was abandoned. 
More recently, Bailey and Cushing (1925) were able to show that the 
~mid-line cerebellar glioma, medulloblastoma, of children displayed a 
“tendency to spread in the leptomeninges and was not uncommonly 
-responsible for such dissemination, 
Subsequently, Cairns and Russell (1931) and others reported examples 
of metastasis in the case of other varieties of glioma. 
The present paper records and discusses a case of generalized lepto- 
meningeal dissemination, showing many of the features of primary 
ueningeal sarcomatosis, arising from a glioma of the spinal cord. 


The patient was a man aged 19, a hairdresser, admitted on August 28, 1936,- 
to University College Hospital under the care of Dr. F. M, R. Walshe. Apart from 
appendicitis and mastoiditis in childhood he had enjoyed good health until the 
onset of the symptoms now to be described. Seven weeks before admission tO 
al he began to notice a sensation of “ pins and needles,” first in the right, and- 
na few days in the left, leg. This was accompanied by numbness and qu 
ead up to the thighs. Both legs then began to grow weak, the right befor : 

t and within a few days both were severely paralysed, movements at the hips 

g less impaired. ‘There was neither pain nor disturbance of sphincter control. 

\ course of massage and electrical treatment at another hospital effected a 

yorary: improvement, so he thought, but the weakness soon increased again. 

Jn examination he proved to be thin and pale, in no pain and with a normal 
temperature. He was intelligent and ¢o-operative. OT he mouth, thoracic and _ 
abdominal viscera appeared normal. There was an old perforation of the right | — 
ear-drum with some deafness of middle-ear type. The fundi and cranial nerves. 

E s were normal. There was no neck rigidity, oe 
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7 Erom thè Surgical Unit, University College Hospital- 
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he legs were paralysed, except for feeble movement at the hips. The abdominal _ 

_- muscles were normal. 

All forms of sensation were severely impaired below the middle of the thighs 

anteriorly, and below the lumbosacral junction posteriorly. Below the knees. 

~: postural and vibration sensibility was absent. 

The arm-jerks were normal, but the knee and ankle jerks abolished on both 

- The plantar responses were both of extensor type, the abdominal reflexes 

he anal reflex were normal. 

xernig's sign was absent. 

Lumbar puncture revealed an incomplete block, with an initial pressure of 
250 mm. water, and a slow rise and delayed fall on jugular compression, The 
fluid was clear and yellow in colour. It contained two cells per c.mm., an increased 
globulin content, chlorides 0-73, sterile on culture. In the blood the haemoglobin 
content was 106%, colour-index, 0-92, R.B.C.s 5,850,000, W.B.C.s 6,400, and poly- 
morphoriuclear cells 64%. The Wassermann reaction was negative in both. blood 

and cerebrospinal fluid. A radiogram of the spine revealed no abnormality, 

On September 29, cisternal puncture, and lipiodol (2 c.mm.) injection were per- 

= formed. The theca punctured easily, but there was some difficulty in introducing 
the lipiodol, and during the procedure the patient collapsed and vomited several 


ce times. A radiogram showed ‘that only a few drops of lipiodol had entered the theca, 


the rest having passed extrathecally. 


CLINICAL COURSE. 


During the night of October 10 he suddenly complained of pins and needles 
in both arms, developed complete dysarthria and vomited repeatedly. A few hours 
later he was able to say “ Yes” and “No,” but otherwise his speech was unin- 
telligible. Next day the speech had improved, but there was loss of power of 
“protrusion of the tongue, slight weakness of the right arm and leg and the lower 
right face. Shortly afterwards he developed severe headaches, vomiting,- and 
diplopia, with a left external rectus weakness, This all cleared up during the 
“next week, but he then began to have difficulty in micturition and developed. 








~~" retention of urine. The urine contained pus and red cells and a culture grew > 
Bacillus coli, From then onwards he was catheterized twice daily with regular 


-bladder washouts of 2% mandelic acid. 

On October 16 he was transferred to the Surgical Unit Ward. The squint, 
facial palsy and weakness of the right arm had disappeared completely. . The 
paralysis and anesthesia of the legs were unchanged but spasticity was becoming _ 
marked and flexor spasms could be elicited readily by pin-prick on either leg. 
There was a subjective sensation of “pins and needles ” in the buttocks and front. 


a of the thighs, but no area of hyperesthesia could be found. 







~~ and Ist and 2nd lumbar vertebrz were removed. The dura appeared to -bulge. 
under tension and was opened. The aracAnpid was thickened and the cauda equin: 





C> Laminectomy was performed by Mr. Wilfrid Trotter under general ether 
iæsthesia on November 24, The spines and laminz of the lith and 12th dorsal 


matted. No definite gelatinous exudate was observed at operation. The lower part — 
of the lumbar enlargement and conus medullaris were uniformly expanded and 
were considered to be the site of an intramedullary tumour. No attempt was made — 


to remove it, the dura was left open and the weund closed. 


At the end of a week sensation in both legs had improved very slightly and firm 
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pressure was just appreciated after a delay. He then began to complain of failing 
vision at this time and examination revealed two dioptres of papilloedema in the 
right eye and a distinct temporal pallor of the left disc. His hearing, which had 
always been poor, also deteriorated and a moderate degree of nerve deafness was 





Fic. |. Fıc. 2. 


Fic. 1.—Base of the brain, showing tumour lying in basal cisterns and surround- 
ing infundibulum, and spread over brain-stem, cerebellum and temporal lobe. 


Fic. 2—Dorsal aspect of lower thoracic of lumbar and sacral regions of cord, 


showing the diffuse leptomeningeal infiltration by tumour. 
. 


discovered in the left ear in addition to the chronic middle-ear deafness on the right 
side associated with an old perforation. He had three large bed sores on the 
buttocks which were proving very resistant to treatment. Early in December he 
became incontinent of urine and fæces, which persisted from then until his death 
on January 26, 1937. He became gradually more drowsy and incoherent, with a 
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great deal of vomiting, confused articulation and wandering of the mind and there 
were two attacks of generalized convulsions lasting a few moments and accompanied 
by a loss of consciousness, neck retraction and twitching of all the limbs, 


Avtopsy EXAMINATION PERFORMED BY Proressox G. R. CAMERON ON JANUARY 27, 
1937. 


The subject was a pale, emaciated man with a healed laminectomy scar in the 
lumbar region and three large unhealed bed sores, one over the sacrum and two 
on the buttocks. 

Brain.—The dura mater was evefywhere intact and normal. The arachnoid was 
tensely distended by a gelatinous, pinkish-grey exudate. This was least marked 
over the cerebral hemispheres, but very dense at the base of the brain. The 
infundibulum and optic chiasma were partially buried in a thick, gelatinous mass 





Fic. 3.—Cross section of thoracic region of cord, showing a cuff of tumour. 
(x 6. van Gieson stain.) 


of tumour which filled the interpeduncular space and largely obscured the circle 
of Willis and the origins of the cranial nerves (fig. 1). The pons and medulla were 
surrounded by growth, A thin film of tumour spread out in the leptomeninges 
over the surface of the cerebellum and along the sulci of the temporal lobes. The 
ventricles were moderately and uniformly dilated but no definite tumour masses 
were detected. The exudate could be traced as a thin layer along the floor of the 
4th and 3rd ventricles into the right lateral ventricle but not into the left. Careful 
sections of the cerebellum revealed no trace of a primary tumour and a similar 
investigation of the whole of the remainder of*the brain was negative. 

Spinal cord—The dura was uninvaded but tensely distended by the tumour. 
The pia-arachnoid throughout the length of the cord was replaced by gelatinous 
tumour (fig. 2). This was most marked on, the posterior aspect and the 
right side and continuous with the infiltration at the base of the brain. In the dorsal 

BRAIN— VOL. LXI. 20 


— = = — E — — — —— — — — — a — 


302 ORIGINAL ARTICLES AND CLINICAL CASES 


region the cord was displaced to the left by the dense accumulation on the ‘right 
side (fig. 3). The origins of the nerve roots were partially hidden and surrounded 
by a cuff of tumour as they entered their dural sheaths. In the lower part of the 
lumbar enlargement the outline of the cord, which everywhere else was quite 
distinct, was indefinite and the cord was replaced by an irregular pinkish-grey 
tumour continuous with the growth in the leptomeninges. The cauda equina was 
densely matted and studded with nodules of soft irregular growth. 

Other organs.—The tongue, mouth, pharynx, tonsils, salivary glands and 
cesophagus were all normal ; the stomach contained a little mucus and brownish fluid 
and showed a few scattered submucous petechie. The intestinal tract was normal. 
The heart and aorta showed no abnormality. The lungs were healthy except for a 
few old pleural adhesions and the bronchi contained only a little mucus. The liver, 





Fic. 4.—Section of portion of tumour lying in lumbar region of cord, showing 
general cellular structure. (x 320. Hamatoxylineosin.) 


gall-bladder and spleen were healthy, the bladder contracted and congested with 
signs of acute inflammation and haemorrhages, most marked over the trigone. The 
prostate, vesicula seminalis and testicles were normal. The suprarenal glands were 
of average size and showed no tumour deposits. The thyroid was pale yellow and 
of normal size. Both eyes and orbits showed no growth. 

Microscopic appearances.—Sections of various parts of the cord and brain were 
stained with hematoxylin and eosin, van Gieson, Mallory connective tissue stain, 
Mallory’s phosphotungstic acid haematoxylin, Perdrau's silver impregnation for 
reticulum and Wilder’s silver impregnation for neuroglial cells and nerve cells. 

Sections through the lower lumba: region of the cord showed invasion throughout 
by cellular tumour (fig. 4). In places recognizable spinal cord substance could be 
detected although the delineation of grey and white matter was completely destroyed. 
Elsewhere the mass consisted of a densely cellular tumour continuous with an 
infiltration of the leptomeninges. The vasculature was very rich, consisting mainly 
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of numerous branching arterioles with fairly well-formed walls. In places they 
were somewhat varicose. There was no endothelial proliferation or hyalinization 
of the walls and no areas of necrosis were present in the tumour, By Perdrau’s 
method the blood-vessels showed up clearly with a small amount of connective 
tissue around them and only a little reticulum scattered in between. In sections 
stained by hematoxylin and eosin the cells showed a great variation in size and 
configuration. The commonest type was one with a round or oval nucleus deeply 
hyperchromatic, with dense chromatin particles scattered throughout the nucleus. 
In some cells the chromatin was so dense that no structure could be made out in 
the nucleus. The cytoplasm was irregular and poorly stained. Many of the 
cells resembled large and small a$trocytes with typical oval nuclei of medium size 
and scattered chromatin and swollen, badly-stained, branching cytoplasm, the nucleus 
very often being pushed to one side. In addition there were a considerable number 





Fic. 5.—Tumour showing neuroglial fibres. (x 500. Mallory’s Leptomeningeal 
phosphotungstic acid hematoxylin.) 


of cells resembling spongioblasts. The nuclei of these cells were very large and 
hyperchromatic, often multiple or bilobed with cytoplasm forming one or two 
branching processes. 

Here and there in the remnants of cord substance a few nerve cells could be 
picked out, all in various stages of degeneration and many with swollen and hydropic 
cytoplasm. In preparations stained with phosphotungstic acid hamatoxylin, 
neuroglial fibres were fairly plentiful, forming a network throughout the tumour 
(fig. 5). One or two centrosomes could also be made out. Occasional mitotic figures 
were present but they were not very prowounced. With silver impregnation pre- 
parations the majority of cells were large anfi irregular with one or more branching 
processes, some of them frayed at the ends. Only one or two sucker processes were 
found. Large and small astrocytes, unipolar and bipolar spongioblasts were all 
readily identifiable. 

Elsewhere in the cord the leptomeninges” were densely packed by cellular 
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infiltration invading the sulci and surrounding the blood-vessels and nerves but 
not extending into the substance of the cord. A thin layer was also present over 
the entire cortex invading the cerebral sulci and Virchow-Robin spaces but not 
spreading into the subcortical white matter. With van Gieson preparations a 
well-marked fibroblastic reaction was shown to be present, mostly adjacent to the 
cord and around the blood-vessels and nerves but also scattered irregularly 
throughout the infiltrating tumour. Among the bundles of collagen fibres the more 
elongated spindle-shaped vesicular nuclei of the connective tissue cells were readily 
distinguishable from the invading tumour cells. With Perdrau’s method the 
reticulum was seen to be scattered irregularly in a radial manner between the blood- 
vessels without any concentric ring formation but was a little more plentiful adjacent 
to the blood-vessels than elsewhere (fig. 6). The striking characteristic of the 





Fic. 6—Leptomeningeal tumour, showing fibrous tissue and reticulum. (x 120, 
Perdrau’s method.) 


tumour infiltrating the leptomeninges as compared with the tumour in the cord 
was the comparative uniformity of the cells. In preparations stained with hæma- 
toxylin and eosin there was a great preponderance of the smaller cell type with 
a few spongioblasts scattered throughout. Mitoses were rather few. Phospho- 
tungstic acid hematoxylin preparations showed a network of neuroglial fibrils. In 
most of the cells few processes were distinguishable with the silver impregnation 
method but here and there were small astrocytes and spongioblasts. The large 
astrocytes were much more infrequent here. 

The multicellular character of this*tumour makes it difficult to place it in any 
of the usually accepted classifications of gliomas. Its cellular character suggests its 
inclusion amongst the glioblastoma multiforme group, but the lack of degenerative 
and characteristic changes in blood- vessels seems rather to weigh against this, It 
is therefore best regarded as a mixXed-cell glioma of uncertain nature. 
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Discussion. 
- The capacity of gliomas to metastasize by way of the cerebrospinal fluid 
ee recognized until comparatively recently. Such metastases had not 
been recorded. elsewhere in the body and the glioma was regarded as a. 
nour of purely local invasive character. 
recorded examples of diffuse formation of tumour in the leptomeninges 
had therefore been looked upon as a primary diffuse sarcomatosis. Later, 



















with the improvement of methods of staining, neuroghial fibres were — 


detected in such tissue. 
Ford and Firor (1924) published a case of gliomatosis of the lepto- 
meninges and listed nine other cases from the literature. It was only when 
Bailey and Cushing described the clinical and pathological features of the 
amid- line cerebellar medulloblastoma in children with dissemination in the 
- leptomeninges that it began to be possible to classify these tumours. They 
_ were able to show that a large number of the cases described in the literature 
cas diffuse tumours of unknown origin, were in reality examples of this 
condition. These included the original case of Ollivier, several of the 
cases discussed by Ford and Firor, and many others. Since then further 
examples of dissemination by other types of glioma have been recorded, 
although no other tumour has been shown to mailes the same readiness 
to spread in the leptomeninges as the cerebellar medulloblastoma. Cairns 
and Russell’s group of cases showing intracranial and spinal metastases in 
gliomas included in addition to further examples of cerebellar medullo- 
blastomas, instances of neuro-epithelioma of the retina, glioblastoma 
multiforme, astrocytoma and ependymoma. They concluded from their 
oe observations on twenty-one consecutive full autopsies in cases of glioma, in 
| which eight showed spinal metastases, that the frequency of this process 
is much greater than had been supposed. 

The instances of dissemination of spinal tumours are very few in the 
literature. Frazier (1918) stated that pure intramedullary spinal tumours 
are limited to the cord itself and never invade the meninges. Kernohan 

< (1932) was only able to give one example and that was of an oligodendro- 

ie glioma of the cord which was exposed at operation and decompressed by a 
rtical posterior incision into the cord. At autopsy the tumour was found 
— have spread upwards and downwards for a short distance in the lepto- 
_ meninges with a well-marked fibroblastic reaction. Elsberg (1925) described. 
no examples « of dissemination of tumours of the cord, but emphasized their 

















906). recorded a case of a large intramedullary tumour of the. cervi cal : 
nal cord with infiltration of the adjacent leptomeninges and Rutimeyer 


'ndency to extrude themselves and grow out of the cord substance. Grund 











ndly allowed 7 me to ‘refer to an instance. in ‘his extensive series * oe 
al. tumours which he will discuss in his book on tumours of the brain 
d spinal cord. This was described as a medulloblastoma of the lumbar 
ordi ina young woman aged 29, which spread throughout the subarachnoid 
pace of the spinal cord, base and convexities of the brain. In the case 
ecorded by Pels-Leusden of compression of, the lumbar cord by a tumour 
-mass with diffuse dissemination in the leptomeninges which he described 0) 
“RS a gliosarcoma, there was a mass of growth in the left lateral ventricle 
a -which it is impossible to exclude as the primary tumour. ee 
- There remain a number of cases in which after detailed examination. 
= no primary tumour has been discovered in the central nervous system. 
| According to Willis (1934) some of these cases are due to carinosis. In his 
opinion the case of diffuse tumour spread described by Olivecrona (1914) is 
an example of this condition. Nodules of growth were found in several of 
the viscera, one of which might have been the primary growth. In addition 
some of the diffuse leptomeningeal growths have been pigmented and small 
unrecognized melanotic growths of the skin or the eyes may have been over- 
looked. In other cases in which these primary sources have been eliminated 
it seems possible that the growth may have originated in areas of pigmenta- 
-tion in the central nervous system. Masson (1926) believes that the presence 
of pigment is indicative of an ectodermal rather than a mesodermal origin 
and this is significant in view of Harvey and Burr's (1926) conclusions that 
the meninges are really of ectodermal origin. 
The existence of true diffuse primary sarcomatosis of the leptomeninges 
is somewhat doubtful. Bailey (1929), however, still believes that it exists 
as a definite pathological entity with characteristic features. He points out 
that there are cases of diffuse | leptomeningeal growth in which no primary _ £ 
our. has ‘been found and that in contradistinction to the medullo- —— 
tomas ` of children they occur in adult subjects. They originate 
arcomatous transformation of the perivascular sheaths—‘ the- pi 
-Jomas ”—which may be distinguished from gliomatous invasion of these — 
-aths by the intact pia-glial membrane in the latter. The cells in these 
mours, he says, tend to be ar ranged in cuffs around the blood-vessels, often 
several cells thick and the reticulum i is plentiful and distributed in con- 
centric rings around the blood-v essols. The infiltrating gliomas may contain 
reticulum, but it is more scanty and irregularly arranged in a radial manner 
= between the vessels. Moreover the nuclei of the connective tissue in e en 
| ptomeningeal gliomas may he clearly picked out from the glial ce 
eritheliomas only one type of cell is present. 
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- — -The possibilities which were considered in the case under discussion 
were that it was a case of primary sarcomatosis of the meninges, a dissem- 
inated cerebral glioma invading the lumbar cord, or a spinal glioma with 
leptomeningeal spread. The latter explanation was held to be the only 
ible one in view of the evidence. Clinically the paraplegia marked the 
f symptoms and predominated throughout in spite of the subsequent 
‘red signs elsewhere in the nervous system. At operation the lower 
lumbar and sacral cord was seen to be enlarged and thought to be the seat. 
i cok: an intramedullary tumour, but no disseminated tumour was then oo 
< observed. The autopsy revealed no primary tumour in spite of careful — 
search in the nervous system or elsewhere, but a mass of gliomatous tissue 
was found replacing the lower part of the cord. The microscopic examin- 
- ation revealed the fact that the cells invading the leptomeninges were glial 
o in origin and distinct from the connective tissue cells which lay in relation 
- to the fibroblastic reaction. The reticulum was scanty and irregular in 
_. distribution. The difference in the cellular structure of the primary tumour 
im the cord and the leptomeningeal infiltration was thought to depend on 
- the nature of the tissue invaded, the fibroblastic reaction and the predomin- 
ance of the smaller cell type occurring in the meninges and the densely 
cellular structure with large numbers of spongioblasts characterizing the 
aS primary tumour. 
It is not clear why certain gliomas show a marked tendency to spread 
in this manner and others do so only rarely. The most important single 
_ factor would seem to be the nature and degree of malignancy of the tumour. 
- The position of the tumour in close relationship to the ventricles or cisterns 
: naturally is of importance. However, very many tumours impinge on the: 
subarachnoid space without apparently giving rise to any metastases, o 
although Cairns and Russell’s observations indicate that the frequency may o 
be greater than is thought. Operative interference has also been thought to 
-play a part by the scattering of cellular emboli in the cerebrospinal fluid and 
‘the opening of deep-seated tumours to the subarachnoid space. The natural 
tendency of the cerebellar medulloblastomas to disseminate is such that the _ 
_ vole of operative interference in these cases is very difficult to ASSESS. 
-Kernohan’s case of oligodendroglioma of the cord which was incised with. 
bsequent leptomeningeal infiltration, would seem to suggest that the 
posure of the tumour substance to the cerebrospinal fluid determined the 
ssemination. In the case described*ip this paper, however, the cord wa 
~~ not incised and it is probable that dissemination had already begun befor 
the operation. | — 
| _. Examination of the recorded cases indicates two types of metastases — 
in gliomas. In a variety of tumours scattered nodules have been observed 


































of the cord, at the b the brain and in the { oors 
s. The supposition is that cellular emboli are thrown off _ 
9m the tumour into the cerebrospinal fluid, are carried into the perivas- 
cular spaces and settle in the dependent part under the influence of gravity. 
some of these emboli continue to grow and form secondary nodules of 
srowth in the leptomeninges. The other type of spread is an apparently 
continuous permeation of the tumour throughout the leptomeninges. It is 
doubtful, however, if this process can be compared with lymphatic 















permeation. Gravity seems to play an imfortant part here, too, and it is 





=- “probable that in reality the same mechanism is involved but on a much 
larger scale than in the formation of nodular metastases. In the case 


-described although there was a thin continuous layer of infiltrated tumour 

ai - throughout the leptomeninges, the main accumulation was in the depen- 

dent parts. The patient lay throughout his illness on his back and right 

side and the tumour was found distributed. most densely on the posterior 

and right sides of the cord, the base of the brain and in the right lateral 
vetitricle, but not in the left, : 

The clinical picture of leptomeningeal dissemination of tumours is in ne 
sense clear cut. Ford and Firor attempted to classify the cases into definite 
clinical types, but were confused by the various types of cases included. It 
is clear that the signs of dissemination may be superimposed on those ef the 
primary tumour, as in the case described, or the primary tumour may pass 
entirely unnoticed. On the other hand a distinct interval may be present 
betore dissemination is manifest, as occurred in a case of cerebellar medullo- 
blastoma treated at this hospital by a posterior fossa decompression and 
X-ray therapy to the brain. All the signs of a tumour of the posterior 
fossa cleared up rapidly and the girl was able to get about quite normally 
for three months, after which she developed a paraplegia and died of 
generalized tumour dissemination. Winckelman and Eckel (1936) described | 






and the patient was free from symptoms for two years before the onset of 

spinal invasion. | Ts 
-© The variability of the clinical course with periods of exacerbation and 

<o remission which was manifested by the case described is very characteristic 

and has been noted by many writers. The cisternal puncture with altera- 

_ tion of the intracranial pressure disturbed the patient profoundly and it is 

probable that the difficulty in introdfcing any lipiodol inside the theca was 

due to the presence of tumour at that time in the leptomeninges. It is very 

difficult to understand why the isolated palsies which developed some days 


s $ 


iater should have cleared up completely. The complete absence of root pains — 








case in which the primary tumour of the cerebellum was actually removed © 






6 also a well-established characteristic, and was thought by Winckelman 
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ie a aad Eckel to be due to the soft nature of the infiltrating tumour. It is 7 
a remarkable that although the leptomeninges were infiltrated throughout — 
— with tumour, the only permanent sighs until very late were those of the | 
-primary cord tumour. This must be attributed to the absence of invasion — 
-the nervous system. except in the lumbar cord. The signs of raised 
tracranial pressure only developed to a severe degree in the last few weeks | 
his illness when the subarachnoid space was presumably dammed. up. 
_ Meningeal signs were very ingonspicuous throughout, although they migh t 
= = reasonably have been expected to predominate. The analysis of the 
cerebrospinal fluid should be of crucial importance in the diagnosis. elt: is 
unfortunate that the possibility of diffuse spread was not entertained in © 
this case. Since Forster (1930) has shown that by a careful analysis of | 
ee centrifuged cerebrospinal fluid in cases of cerebral and spinal gliomas, 
using special staining methods, it is possible to identify the characteristic 
tumour cells in a considerable proportion of cases, it should certainly þe 
~ _ possib] e to detect the cells in large numbers in these cases of diffuse 
-dissemination and in any suspected case it is most important to look for 
the cells. 
Once the diagnosis is established the only rational treatment is deep 
X-ray therapy to the central nervous system, in view of the extreme sensiti- 
vity to irradiation of such tumours as the cerebellar medulloblastoma. Our 
experience in this hospital of a case of cerebellar medulloblastoma 
with irradiation of the primary tumour which was followed a few months 
later by spinal subarachnoid invasion, emphasizes the importance of 
irradiating all parts of the nervous system. — 
>- Lam indebted to Mr. Wilfred Trotter and Dr. F. M. R. Walshe for 
me -permission to review this case, and to Professor G. R. Cameron, Dr. J. Co — 
<O Greenfield and Dr. L. E. Glynn, for their help i in studying the pathology, 


and to Professor O. Foerster for his kind permission to refer to his case. 
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LLAT HON AND FASCICULATION IN VOLUNTARY 
— MUSCLE ! 
BY D. DENNY-BRQWN AND J. B. PENNYBACKER. 





— enews fibrillary twitching of muscle is a phenomenon observ eds 
— frequently i in the course of clinical examination of patients suffering from . 





F nervous disorders. It is apparent to the naked eye that what is commonly — — 
~ called “fibrillation ” in amyotrophic lateral sclerosis, for example, differs 


- in type from muscle to muscle, and from time to time in the same patient. 

OF these differing varieties there is little mention in the literature, nor 

oe their relationship to other kinds of involuntary twitching in muscle. 
The following study is of myographic and electromyographic records 
a of these various forms of involuntary twitching of muscle fibres. 


(1) METHOD or INVESTIGATION. 


=o The twitching of the muscle has been recorded by concurrent — 
records of the mechanical twitch and the electrical action current” 
of the fibres concerned. The electrical action current has been 


. recorded by inserting a hypodermic needle through the skin into the | a 
substance of the muscle being investigated, a superficial portion of- the 


muscle fibre being selected for the purpose. The second electrode in the 








oidin, with silvered perforation at its end, is inserted through the * 
edle- just to protrude through its end. Thus the tip of the wire core 


rm of a thin copper wire insulated with cotton winding soaked in | 


‘forms one electrode among the muscle fibres, separated by 1 to 2 mm. 


_ from the nearest part of the needle, which forms the other electrode. 










nometer mirror reflects a beam of light on a strip of moving bromide 
sr. Over the region where the tip of the hypodermic needle lies in _ 
i — a small cork button or py? amid is stuck to the skin by collodion. = 
v t the button i is a balloon lightly inflated with air, and held by adhesive 





This investigation was made in 1934-35 during the tenure of a Halley: Stew ape 
owship by one of us (D.D-B.) in the Research Unit, National Hospital, "Queen. 
are, London. 


‘The wire and the hypodermic needle are connected to the i input side of — 
four stage amplifier leading to a Matthews Oscillograph, of which the — 

















O d d ped round the imb 
hanica “movement + of the | piece of muscle concerned moves the cork, 
d produces a fluctuation in the air pressure in the balloon which is 
smitted by a short length of pressure tubing to a manometer with 
or diaphragm. The movements of ‘the manometer mirror are 
orded by a beam of light which is reflected to the same strip of moving 
paper as records the action currents. The latency of the mechanical 
system used was 0'004 sec., i.e. the mechanical record lags behind the | 
electrical record by this time interval. In the animal experiments fibril: = = 
ation was recorded by a very small steel mirror directly applied: to ‘the 
muscular surface. — 
It cannot be too strongly emphasized that mechanical records ‘Gade | 
yn this manner must be controlled carefully by visual observation of the 
surface of the muscle. 











(2) INTERPRETATION OF OBSERVATIONS ON MuscuLar FUNCTION. 


Inasmuch as it is desired to discuss the relationship of different forms 
of involuntary twitching to the functional structure of muscle, it is desir- 
able here to outline some anatomical and physiological facts relating to 
muscle. The unit structure of a muscle is a muscle fibre, a structure which 
has a diameter in man of from 0°01 to 0-10 mm., and in most muscles a 
length of 3 to 5 cm. In some exceptional muscles such as sartorius or 
platysma the length of the fibre may be as great as 12 cm. (Felix, 1887). 
Muscle fibres in skeletal muscle are independent structures with separate 

existence, and without syncitial interconnection, as can be demon- 
strated by teasing methods (Felix, 1887, Denny-Brown, 1929a). They can 
contract independently (Pratt and Eisenberger, 1919, Gelfan and Pishep, 
1932). — 
< Fibres are grouped i in natural bundles called fasciculi, each containing — 
ny hundreds of parallel muscle fibres in a coarsely fasciculated mus 
— “such as gluteus maximus, or smaller bundles with less defined. ed i 
pennate muscles such as the extensors of the wrist or the interossei. While — 
_ a muscle fibre therefore is of a thinness which can just be detected by the | 
cni ked eye, the fasciculus is a structure of some 2 to 10 mm. in diameter. 
- The functional significance of the fasciculus: appears to be its vascular 
arrangement, with terminal artery 4nd independent veins. That it is not 
nervous is shown by the common. pathological. observation that, as a result ooo 
-` of lesions affecting only a certain number of fibres in the motor nervi 
a — portion of a fasciculus may suffer extreme degeneration. and the ret ai 
< EN ar healthy (Piante: 1902, Wohlfart, 1935). 

































FIBRILLATION AND FABCIGUDATION. IN VOLUNTARY MUSCLE 313 — 
— Though physiologists have come to regard the — fibres as each 
having dependence upon one nerve fibre, and each motor nerve fibre 
serving i in this way a number of muscle fibres, it has from time to time 
bee n asserted. that. muscle fibres derive motor supply from a plexus to 
ch the total of the motor nerve fibres contribute (Wilkinson, 1931). 
ern treatises on anatomy, histology or physiology give the reader 
vuidance, except to indicate that it has been asserted that muscle fibres 
ceive more than one end plate. - It is necessary, therefore, to present as 








oo “briefly as possible the evidence for the first view, which appears to us to 
be: well founded. The point is of importance to the understanding of 


the electromyogram as well as of the atrophy of muscle. 

Each ordinary muscle fibre in a limb muscle receives one motor end plate. 
That this is the only end plate can readily be seen in cutaneous muscles 
or sartorius in the frog as studied by Krause (1869), Kuhne (1884, 1886), 
- Kulchitsky (1924) and others, and with methylene blue staining their 
— finding is readily verified. This arrangement of one motor ending to each 
muscle fibre has been found also in the silver impregnation staining of 
“limb muscles of the developing mammal (Tello, 1917, 1922) and in 
sartorius, soleus, tibialis anticus, of the young cat as studied by one of 
us (D. D.-B.). The exceptions to the rule are the intrafusal muscle fibres 
of the muscle spindles (Agduhr, 1919), and some very long fibres in pleuri- 
“segmental cutaneous muscles such as the panniculus of the hedgehog 
. (Garven, 1925). In the muscles of the tongue several nerve endings may 
commonly arise from a network of intercommunicating nerve fibres 
| (Boeke, 1911, 1932), but it remains to be demonstrated that this arrange- 
_ ment is other than a persistence of the embryonic neurofibrillar network 
; o a single motor neurone innervating a bundle of contiguous muscie 
-fibres (Tello, 1922). Occasionally very long fibres are found with two end 
plates i in the limb muscle of the frog (Krause, 1869), but these are excep- 
< tional and moreover it has not been demonstrated conclusively that the 

endings seen are not branches of the same parent nerve fibre. 
The contraction of the same fibres in flexor communis digitorum in 
the pig by stimulation of the ulnar or the median nerve by Agduhr (1919), 
the radicular innervation of all or nearly all this muscle by both 
cervical and Ist thoracic nerve roots in this muscle in the rabbit by 













Pp yenomenon does not appear compatible with common observation in 
clinical disorders of this muscle in man. Methods of recording contrac- 
tion in which the muscle is permitted to shorten are not adequate to 
: decide the point. (See discussion by Fulton, 1926, Chap. VI). 


derer and Lemberger (1907) require further inv estigation, for the s 


















tive e cf a as 8th eral “and L — nerve roots. Th 
e end plates he pictures are shown lying close together in different 
ges of degeneration. It is quite unknown- for a normal muscle fibre- 
o receive three end plates close together. In paraffin sections by the 
elchowsky method it is notoriously difficult to distinguish one muscle 
bre from another just underneath it. For this reason Agduhr’s find- S 
ings cannot be accepted as indicating a general principle until confirm: 
— by other, preferably teasing, methods. E 
=o Degeneration of muscle fasciculi following partial section of a “mot 
nerve or nerve-root is partial ; thus groups of muscle fibres degenerate upon 
section of particular nerve fibres. There are no transitional forms of — 
: degeneration, so that muscle fibres do not depend, partially upon some 
nerve fibres partially upon others, but each upon its own particular motor 
¿nerve fibre. A classical example cited in opposition to this general prin- 
-ciple is that of the crico-thyroid muscle which is stated by Exner (1885). _ 
and Livon (1891) not to degenerate when either one of its component 
nerve supplies, superior laryngeal, and laryngeal plexus, is sectioned. 
-Exner states that the muscle degenerates if both nerves are sectioned. 
-These observations are so directly at variance with the effect of stimu- 
lating the two nerves (Lederer and Lemberger, 1907), and the physio- 
logical and pathological findings quoted above,-that its repetition with 
modern methods is highly desirable. Some muscles such as the external 
anal sphincter (Arloing and Chantre, 1898) are resistant to paralytic 
atrophy. The degeneration of muscle depends not at all upon sensory 
nerve fibres, nor is it delayed by their integrity. 

Of the two or more nerve roots supplying a muscle, stimulation of one 
uses a contraction of a different part from that contracted by another > 
vad, 1882, Sherrington, 1892, de Boer, 1925-26, Van Rijnberk, 1911) and ~ 
fatigue of one group of fibres little affects the contraction from th 

_ (Gad, Fulton, 1926, Van Rijnberk, 1929). When one group iso 
thrown into a fused contraction-tetanus by rapidly repeated —— 2 
the other can be made to twitch in more isolated manner (Samojloff and 
 Wassiljewa, 1925), the veratrin contracture of one group can be fatigued 

without that of the other (de Boer), and lastly the mechanical thermal and 

electrical effects of isometric conttaction each of two such groups of: motor 

fibres to a muscle can be spied almost exactly by combined stimulation _ 
of both motor roots together (Samojloff, . 1924, ii and Wassi jew. a E 
1925, Fulton, 1926). ee 
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) FASCICULATION IN VOLUNTARY MUSCLE oe 


From all these different points of view it may be concluded. — each 
iüscle fibre depends upon one herve fibre, and therefore one motor 
sibs horn — _ Since the motor nerve to a musee contains — 









whole fe uid cokes group — e nres: This group is — zs 
rca Iculation. (Clark, 1930) to average for instance some 150 muscle. tib es 
for soleus in the cat (total 30,000 fibres) and in contraction to be respo! 
` for only 10 gr. of maximal tension (Eccles and Sherrington, 1930), Thi 
motor-nerve fibre, its parent anterior horn ooh and its dependent group 3. 
=o o£ muscle fibres have been termed the “motor unit” (Liddell and : 
— Sherrington. 1925, Sherrington, 1929, 1931, Eccles and Sherrington, 1930). er 
_ Such a group can be observed to contract alone in an all-or-none manner 
-in response to excitation of its motor nerve fibre (Pratt and Hisenberger, 
ce . 19 19, Pratt, 192 5) 
The action currents of a single motor unit in mammalian muscle have 
“been recognized to have each a particular shape, and the discharge of a 
motor unit can be recognized in the electromyogram by the repetition 
of a regular shape of action current in series, producing a contraction 
tension of some ten grams only (Denny-Brown, 19298, fig. 16). This 
demonstration of the function of a single motor unit was further 
amplified by Eccles and Sherrington (1930). The electromyographic 
appearance of the rhythmical electrical discharge has since become well © 
_ recognized (Adrian and Bronk, 1929, Eccles and Hoff, 1932, and in human © 
muscle by Smith, 1934, Lindsley, 1935-6). The diphasic variation which 
constitutes the action current of a group of muscle fibres alters in sha K 7 
cording to the disposition of the fibres in relation to the two points of 
=o the electrodes which sample the electrical change. The more truly the 
o fibres lie across the two electrodes the more the electrical fluctuation 
approaches a simple diphasic variation. The closer to the electrode the | 
larger the electrical change that is sampled. Thus each group of muscle 
fibres belonging to one motor unit lies in a particular position in relation. 
the points of a needle or other electrode inserted into the muscle, and 
‘ave of contraction in them has a particular shape of electrical action F 
rent. . : 
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| 8) ‘THE FINE FIBRILLATION or a Muscre Compierery DEPRIVED or | 7 
ITS NERVE Supp ty. r | whe 

: = Denervated mammalian muscle has lotig been known to exhibit aes 

oe tremor of its surface. (Schiff, 1851, Langley. 1915-16c, Langley and Kato, 



















15). Usua emor | is So slight i in 8 that it is wals seen 4 
the bared: sur ace of the muscle is observed i in ‘reflected light. The oS 
eof the muscle i is observed to be rippled by a restless agitation with- 
either apparent rhythm or obvious centre of activity. The whole 
muscle is involved in a confusion of very smail twitches. Such fibrillation 
related i in some way to the wasting following denervation. In the frog, 
PE OPE denervated muscle wastes only very slowly, brillation does not 
E occur. (Langley, 1915-16c). This phenomgnon is most easily observed — — 
in man in the tongue when that organ is subject to paralytic atrophy, for 
-~ «here the superficial situation of muscle fibres and tninness of cov ering o 
a facilitate i its observation. Where the skin and subcutaneous tissue are. thin — 
-it can be observed in other skeletal muscles, particularly as a result of 
— damage to peripheral nerves or degeneration of motor anterior horn cells 
as in poliomyelitis or syringomyelia. 
_.. The faint, confused agitation of the surface of the muscle is accom- 
< panied by a very fine rapid electrical fluctuation of which a characteristic 
-instance is shown in fig. 1, taken from the mylohyoid muscle of a patient 
suffering from syringomyelia, with wasting and fibrillation of one half 
of the tongue and hyoid muscles. These action currents are much smaller 
-than those accompanying motor nervous activity (cf. fig. 11 at the same 
amplification) and are of such size that they may be each due to the 
electrical variation of a single muscle fibre. 

We have sought to examine this phenomenon further by experi- 
mental means by sectioning the sciatic nerve in cats under general 
anesthesia, and examining the calf muscles at different periods after 
the nerve section, For this purpose the animal was decerebrated under 
deep anaesthesia, after the lapse of an appropriate time interval. 

The anesthesia was then allowed to pass off! and two hours later the | 
scle- concerned was exposed by skin incision, observed by reflected 
ght, ‘and the electrical record of its action currents made. Langley and) 8 
a -Kato (1914-15) have established the onset of fibrillation in denervat : 
- muscle of the cat on the fifth day after nerve section and we have cone 
‘ a ~~ firmed this finding. For the first four days following nerve section no 
J -fibrillation i is observed in the denervated miele Its first appearance is 
‘in the form of scattered single and very small momentary. indentations 
of the surface of the muscle. Each 1 E accompanied by a single very small 
diphasic action current (fig. 2). The electrical ome is from | to 3 micro- 



































The operation and — decerebration were performed by one of us — 
LDB.) in the department of the Research Unit, the National Hospital. - Wel. 
c ea for the facilities allow ed us by Dr. Carmichael for. this purpose.. ER 
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° — volts, but this value is purely relative with needle electrodes. Each twitch 
n can be observed, both by the eye and in the electrical record, to recur at 
intervy als of about two seconds. Fibrillation differs not at all in red and 
pale muscle fibre in the cat (fig. 3), as also was noted by Langley and Kato 
914-15). These colour difftrences, which have been found to be con- 














, Jenny-Brown, 19294) are not affected by the atrophic process until its 
-later stages. When the whole belly of a muscle such as soleus in the cat 





rned with muscular functions other than the contractile process, _ — 


-is observed each indentation is seen to be a momentary tightening in the 
whole length of a very small part of a muscle fasciculus. It would 
appear to be the repeated twitching of a single muscle fibre with accom- 


panying very small action current at intervals of two to ten seconds 
(cf, fig. 2). Fascicular twitching does not occur. 
On the fifth and sixth days — fibres are twitching in this way, and 
-the twitching appears to be — to those few, the remainder being 
inactive. Thus only one fibre in a fasciculus may be concerned. On the 
seventh and later days all fibres are found to have entered upon this phase 
of recurrent isolated twitchings, and continue to twitch until the muscle is 
in an advanced state of wasting (fig. 3). We have not attempted to trace 
the termination of the process. Langley and Kato (1914-15) observed it 
up to seventy-one days from time of nerve section. 

It is readily ascertained by direct visual observation of the surface of 
the muscle that the twitches in different fibres have no relationship to 
each other, the one fibre twitching at a particular rate quite independently 
of those near or far away. The twitching is inco-ordinate. The final 
state of confused agitation and the confused action currents of fully 

. : developed fibrillation are therefore the result of the combined effect of the 
ae irregular mechanical and electrical disturbance in thousands of individual 
muscle fibres (fig. 3). In this state it is occasionally possible to observe 
that one particular twitch or action current is being repeated at intervals 
of about two-fifths of a second (fig. 3b). Grouped twitching does not 
= occur until drying or mechanical factors intervene. The electrical action 
currents become more feeble as the muscle becomes more atrophied. 
<The appearance of the phenomenon of fibrillation after denervation 
is associated with the development in degenerating mammalian striped _ 
as muscle of a particular sensitivity to acetylcholine on the fifth day after — 
denervation, as described by Frank, Nothmann and Hirsch-Kauffmann l 










to an extreme dilution of acetylcholine. Afferent nerve fibres, identical 
vith antidromic vasodilators, distributed in muscle (Hinsey and Gasser, 


oe IN WoL, LXI. 21 


(1922). The muscle may then enter a spasm of contraction on exposure _ 





was not accompanied by action currents (Riesser and Steinhausen, 192. 


> fracture is accompanied by fine action currents and have noted that. the 








1 atrophy c continue. in aie eae, of any $ sensory or — in- 
: ervation. On the other hand, the presenee of remaining sensory and 
Š sympathetic innervation does not materially alter the process of atrophy 

in animal experiment (Sherrington, 1894) or in the process of disease in 
man. (poliomyelitis). Ie 
Tt was at first thought that the contracture produced by acetylcholine eee 










"Schaffer and Licht (1926) and Brown (1937) have found that the con 


~ drug enhances fibrillary contractions. ‘Brown has shown that these small 
action currents appear with smaller doses, and with a large dose the con- 












tracture lasting five to ten seconds occurs, and that this phenomenon is 
free from action currents. It therefore appeared possible that natural 
fibrillation may be due to natural acetylcholine. 
We observed that a drop of saline containing acetylcholine, diluted 
1: 500,000, allowed to fall on the surface of a muscle just commencing 
to fibrillate on the seventh day after nerve section, brought about an 
- immediate local contraction lasting some twelve to twenty seconds (fig. 40). 
As the contraction subsided all the muscle fibres in this area remained 
fibrillating for many minutes, and gradually the disturbance passed by 
imperceptible transition of moderate fibrillation into the original state 
of a few isolated fibres fibrillating (fig. 4c), Acetylcholine contracture 
appears therefore to be an intense contraction process of the same essential 
nature as the phenomenon of fibrillation. It therefore appears likely that 
true fibrillation is due to the sensitization of the denervated muscle fibre 
the small. amounts of acetylcholine in the circulating blood. In this 7 
ection it is of interest that Langley and Kato (1914-15) noted that . 
-physostigmine (eserine) markedly enhances fibrillation in dener a 
= muscle, but was without effect before the fifth day. In view of the effect 
of eserine in inhibiting the natural destruction of acetylcholine in the 
ssues this observation strongly supports our contention that the fibril- 
“lation. from acetylcholine is not only indistinguishable from spontaneous 
fibrillation but is identical with it. o 
Langley and Kato ( 1914-15) fufther ghena that a different, coarser, 
twitching is caused by eserine in the normal mammalian nerv e-muscle oe 
reparation. "This, they maintained, is really fascicular, each a twit hi 
ny. muscle fibres. co-ordinated by a nerve fibre, for this type disa 
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F twenty-nine hours e nerve section, at the time that excitation of the i 
-divided nerve first fails to reach the muscle (Langley and Kato, 1914-15, 
iteca, 1935). Curare abolishes this effect of eserine. Titeca (1933) has 
shown that the excitability and conductivity of the nerve begins to wane _ 
ly on the third day following section, and he places the first point of. 
ire of transmission at the end plate where signs of degeneration begin. 
appear at the end of twenty-four hours (Huber, 1900, Boeke, 1911, 
1921). Therefore it appears necessarily to follow that in the normal nerve 
muscle preparation eserine acts on the nerve fibre or nerve fibre termina: 
tion, but not on the receptive substance or muscle fibre. Acetylcholine 
also produces similar twitchings in normal muscles (Bender, 1938) with 
previous injection of a small dose of eserine. The gap of four days in in 
which acetylcholine and eserine fail to stimulate muscle after nerve — 
section would appear to us to be'strong argument against the former being 
the normal transmitter between nerve and muscle. l 
Langley (1915-16b) considered this eserine fasciculation to be an en- 
hancement of a similar phenomenon observable in normal muscle at a 
certain stage of fatigue, a phenomenon in the light of recent knowledge 
also possibly attributable to accumulation of acetylcholine near the nerve 
hbres, but he did not take steps to exclude polarization of electrodes. 

-Until the latter can be excluded it is not possible to decide this point. 

Bender (1938) has observed transient contracture of the denervated. 
facial and ocular muscles in monkeys, induced by fright, and the enhance- 
ment of this reaction by eserine. This indicates that free acetylcholine 

can be present in the general circulation, for adrenalin and other sub- 
__ stances do not produce the effect. The animals were observed intact, so. 
that true fibrillation could not be seen. The gradual indistinguishable —__ 
— -transition we have described from acetylcholine contracture to fibrillation 
indicates, in our view, that the latter is only a very mild degree of the 

— former, and that smaller amounts of the substance must be present in. 

the normal circulation. 

We would conclude, therefore, that the fibrillation of muscle — 
going atrophy as a result of denervation is due to periodic rhythmical : 
itch excitation of each muscle fibre sensitized by neural atr ophy. The 
ource of the excitation would appear to be the small amounts of acetyl 
Zoe Toe in the normal circulation. We would refer to this phenomeni 
— Cas “true fibrillation,” to distinguish it from other more coarse varieties 
E muscle twitching to be mentioned below. Such true fibrillation occu 
n all voluntary muscles deprived of motor nerve supply. From observa 
ns on Manag muscles resulting from — affecting motor neurones 







































‘poliomyelitis this fibrillation « cannot he — by. PERE examina- J 


S tion. When, however, the subcutaneous tissue is musually thin these 
— <- muscles can be seen to present the fine charaeteristic fibrillary tremor. In 
>. electromyographic observations (with Dr. S. Nevin) of the wasting 








— particular rate, which varies , from one to another. with, long. interva 8 





muscles of patients ‘suffering from muscular dystrophies including dys- 
<- trophia myotonica, we have not observed true fibrillation. 


(4) Tue Fascicucation or Muscie in Moror Neurone DISEASE. 
Involuntary twitching of muscles has long been recognized as a feature. 
“of the course of amyotrophic lateral sclerosis, and its subvarieties, bulbar 
-palsy and progressive muscular atrophy. 

“The muscles whose nutrition is threatened, or actually damaged, are 
often jerked by little fibrillary or partial contractions. When this takes 
_ place the skin is seen to be raised and depressed as if by the tightening 
and loosening of delicate cords acting in the direction of the muscles. 
-These contractions are of short duration, but they succeed each other with 
tolerable rapidity (at intervals of from one to four seconds) and occur in 
many points of the surface of the muscle. At other times the muscles 
are agitated with little worm-like movements. In some patients these 
contractions are almost continuous and occupy a whole limb or a great 
part of the surface of the body, while in others great attention is necessary 
to prove their existence, owing to their rarity and weakness, and often 
they need to be provoked by voluntary or electric stimulation, or by com- 
pressing or pinching the muscles. After such stimulation the reflex fibril- 
lary contractions are stronger and more numerous. Partial or fascicular 
spasmodic contractions sometimes cause little movements of the limbs, 
: especially of the fingers or thumb. Like the foregoing they are short 


and intermittent, but more rare.” (From Duchenne, “ L’Electrisation =- 





‘ -o Localisée,” third edition, p. 486, from Selections from the Works. sof | 
: uhei, Poore, 1883, London.) — 
-=s In the brief periods of arrest characteristic of the disease, — 


— twitching may disappear for weeks or months at a time. Where it occurs 
in flat muscles such as pector alis major it can be readily seen that each 
twitch involves a bundle of muscle fibre 1 to 3 mm. or more wide, and 





dsa sharp single contraction of that bundle, producing a momentary 


: tightening of its whole length. When the twitchi 





it can also be. observed that a particular: bundle twitches steadily ata. 
3 of 


uing is not too intense 
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five seconds to two minutes. Where the twiching is intense the whole 
muscle is in continual coarse agitation and the twitching of it in any one 
a place may appear to affect a large muscular bundle in different ways. ` 
aoe, Each particular: se of twitch | is, however, repeated in exact manner 
o after an interval. . 

— In muscles which are extremely wasted, and covered only by a very 











ae dorsal interoseus muscle of the hand, this coarse teng may be. seen 
< to be combined with and later replaced by a fine “ true’ ' fibrillation such oe 
as has been described above for denervated muscle. — 

Electromyographie records of muscle in this state of coarse twitching E 






hin layer of skin and subcutaneous tissue, such as the tongue or the first = 


{figs. 5 and 6) show that each fascicular twitch is accompanied by a single — 
large action current. In a long strip of record it can be seen that both the 


mechanical deformation of the muscle surface, and the accompanying 
= shape of the action current, are individual for each twitch and that each 
particular combination is repeated again and again at long intervals, such 
as 49 and 6°8 seconds for that shown in figs. 5 and 6. Where the twitch- 
ing is too complex to identify individual twitches by the naked eye, the 
electromyographic and mechanical records still show that any one shape 

of twitch is repeated at relatively long intervals (figs. 7 and 10). 

The regularity in position, size and shape of action current of each 
involuntary twitch of the “fasciculation”” of this disease points to its 
being a single impulse contraction in a fixed group of muscle fibres. The 
group is smaller than a muscular fasciculus, but much larger than one 
single muscle fibre. The only functional group of this nature in muscle 


is the motor unit. If this twitching were the result of the reception of | — 
a nerve impulse by the whole group of muscle fibres supplied by a motor wa 


nerve fibre, it would follow that the origin of the impulse must be related 
either to a pathological process in the nerve fibre itself, or in the parent 
anterior horn cell. From the pathology of this disease we can suspect 

the latter. | 
| This phenomenon, commonly called “ fibrillation,” but more properly 
coo called “ fasciculation,’ may therefore represent the intermittent involun- 
ary discharge of single nerve impulses by an abnormal motor neurone. 
— yese abnormal action currents are in fact comparable in size and shape 
E to the individual discharge of single moderate sized motor units. B 























— instructing the patient to contract the muscle slightly by involuntar 
effort, the characteristic rhythmical discharge of normal motor units car 
pen made to — in the asa ap a aria ga the contraction. A 











Ja: very Wee contra tic 

d, a few simp ns can be obtained (fig. 1 
X iage p revoked} in G way is a a series of nerve impulses 
ta rate of five to twenty-five a second. The resulting muscular contrac- 
on is a partly fused series of twitches, bugt the action currents, being 











os much more brief, appear as a regular series of identical shape. 


It was of interest to observe if a motor unit which showed “ fascicula- 


— oat ” could be excited to normal willed discharge. Normally the same 













í motor units always begin the discharge ma very slight muscular con- 





- traction—apparently particular units are always the first to contract in. — 
_ the beginning of that particular willed movement. We searched for “fibril- 


lating ” units which could thus be possibly called into activity early in 
~ slight voluntary movement, and in due course found several examples 

(fig. 8). Here there was no doubt that the disordered motor neurone could 
also discharge a normal series of identical nerve impulses in response to 
willed effort. It is presumed that the other fasciculating units also did 
so but came so late into contraction that their discharge was swamped 

-in the resulting intensity of electrical fluctuation. The units observed in 
this way were fasciculating at moderately long intervals of five to rany 
seconds. Voluntary discharge of this type enhances the “ fibrillation” so 
that in the few seconds following the movement fasciculation is more 
rapid in that particular unit. This appears to substantiate our conclusion 
that the site of the abnormality leading to the involuntary twitching is 
closely related to the excitable portion of the neurone, the cell membrane 
or the synapse. The disorder is not directly related to the process of 
excitation, for these units are neither more nor less readily excited by 
voluntary effort than is any random unit sampled by the electromyogram. 
Their discharge was regular and not subject to abnormal lapses or ease of 
: atigue. We. also dbsërved that percussion and cooling enhanced fascicu- 





on, apparently by also inducing a light voluntary discharge. Os 
; = account of the naked-eye resemblance of early shivering to this twitching. oe 





= we do not recommend these procedures for facilitating the observation — — 
of the disorder in the clinic, though the electromyographic record is- 


_ distinctive in. shivering (Denny-Brown, Gaylor and Uprus, 1935), being 
a grouped tetanic discharge. 

In the course of a willed moverent of moderate degree of any one 
muscle group at a joint, there ofcurs complete cessation of tonic and 


pot necessarily true for contraction of synergists, but the discharge of the — 
totor neurones is inhibited in the course of direct re 





other action currents in the directly antagonistic muscle group. This iss. 









ciprocal innervation. _ — 
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Me have observed that the motor unit discharge of amyotrophic lateral 
sclerosis cannot be inhibited in this way by willed contraction of a direct _ 
antagonist as prime mover (Bg. 9). We have therefore demonstrated that 
“central excitatory state” (Sherrington, 1929) can be set up, and the - 
1 opone thus caused to discharge naturally, and “central inhibitory 
e” is unaffected and does not interfere with fasciculation. These pro- 
es are related to the synapse. It is to be concluded that the disorder - 
— underlying fasciculation is situated in the cell body or its dendrites and * 
<> not at or outside its surface, and is a precursor of atrophy of the neurone. 
In wasting muscles the coarse fasciculation and fine fibrillation are = 
concomitant, which is to be expected from the known true degeneration | eS 
of the motor neurone which eventually occurs. Here the contrast between —__ 
the size of the action currents of fibrillation and fasciculation can be seen — a : 
_ in the same record (fig. 10). With needle electrodes only a small electrical 
-~ — held is sampled and the difference in size between muscle fibre action 
current and motor unit action current is therefore relative and not 
~ absolute. 








| (5) FASCICULAR TREMOR APPEARING WITH CONTRACTION (“ CONTRACTION 
FASCICULATION "). 

Coarse tremors of fasciculi in limb muscles are often observable in sub- 
jects of wasting diseases. Such tremor is liable to confusion with the 
spasmodic fasciculation of amyotrophic lateral sclerosis described above, 

especially since it may occur in combination with it in that disease, ae 
or alone in other affections, or with true fibrillation ers polromys: ae 
. litis or polyneuritis. It is quite independent of either “ true fasciculation ” 
or “true fibrillation” in that it disappears completely with — 
-= relaxation of the muscle. 
~ In characteristic form it is seen as a coarse rhythmical tremor of a 
fasciculus at a rate of from 5 to 20 a second. The contraction is strong 
enough sometimes to cause wavering of an extended finger. With 
stronger contraction other fasciculi show similar tremors, but with 
-moderate to maximal contraction the twitching grows more rapid and 
ay be swamped by the contraction of other fibres in the muscle. In 
muscles such as pectoralis i it can be observed that the contraction inv olve es | 
oe zady part of a fasciculus. . E 
In myographic records the tw itching is a regular discharge exac i 
_ comparable to that of a motor neurone, though the resulting twitches’ 
the muscle are poorly fused even at higher rates of discharge (figs 126, 
12c). The individual mechanical twitche’ are much larger than those of 








































otor rin a willed mov ement, 
d scharge i is ‘not $0 o rapid. The | onset Is. ——— ata certain, stage mooo 
particular movement in the muscle concerned, sometimes with only — 
: 2 8 ight postural contraction (fig. 12a). The phenomenon is encountered 
F De our experience only where the muscle is. notably wasted, but would 
= appear to be the nor mal dischar ge ofa very large motor unit. 





The tremulous motor unit is not necessarily the first to discharge in 
contraction and when different muscles are observed the tremor is seen 


to enter the contraction at different stages. ” As has been stated above, Bo 
particular voluntary movement appears to begin always with discharge > 
of the same motor unit. More intense contraction is secured by the — 


addition of more and more units added in a particular sequence (fig. 11 
This “recruitment” of motor units into willed contraction is identical 
-with that occurring in certain reflexes (Liddell and Sherrington, 1923, 
Sherrington, 1929). The early motor units in normal gradual voluntary 
contraction are always in our experience small ones (fig. 11). The larger 
and more powerful motor units, each controlling many more muscle fibres, 
enter contraction late. In a muscle wasted by loss of many motor neurones 
graduation of contraction becomes uneven because large motor units 
become active without sufficient previous recruitment of small units to 
smooth their contraction. That they are contracting in the same manner 
with the rest of the muscle in a normal individual is indicated by the 
size of the action currents in intense contraction. Their frequency corre- 
sponds with that of the muscle sound (15 to 35 a second (Wollaston, 1810)) 
and appears to us its probable explanation. 
We believe that the isolation of large motor units by relatively pre 

ponderating atrophy of small ones is an explanation which best serves the 
facts of “contraction fasciculation.” 


= v Coarse Locat Terantc FascicuLation (“Fakse FIBRILLATION ”). 


= Clinicians recognize types of benign “ fasciculation ” “ fibrillation,” 
which occur in muscles not subject to a wasting —— Of these a Be 


a twitching of the orbicularis oculi of the lower lid with fatigue or debility 
_ is one type within general experience. Occasional very localized twitching 
in a calf muscle is also common, and a more generalized form affecting 
the calf muscles and the small muscles of the feet and hands is described 
as “myokymia” after Schultze (#895) and Kny (1888). In the latter 
condition irregular contractions of fasciculi of muscles gives a slow 

| —— of the surface. — 


-This type of contraction hasra longer duration than that of the forms — 
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of fibrillation described above. For some one to three seconds the con- 
= traction pursues either rapidly interrupted course as.is common in orbicu- 








laris oculi, or a deliberate sustained spasm. The contraction appears in 
_ the same place at irregular intervals, and is often lar ge enough to make 
7 he subject conscious of its eccurrence, and he cannot PURPIOS: it. It is 
related to willed movement. 

‘The sensation of twitching appears to result from the size of the struc- 


in the type with which we are concerned here the structure involved is 
of the size of a whole fasciculus. = 
Records of such twitching confirm the impressions gained from visual 
observation. Both in the calf (fig. 13) and in orbicularis oculi (fig. 15) the. 
twitch is in fact a partly fused muscular tetanus with repetitive nervous 
discharge which is irregular in time interval, and often in shape as well. 


_. The irregularity in shape of successive action currents points to a focus 


“oF irritation which is not nervous, but affects unevenly a bundle of 
nerve fibres to the fasciculus. 

In a patient suffering from generalized myokymia. associated with 
cramps of the legs (“ paramyotonia”) we obtained records of both 
phenomena (fig. 14). In myokymia a fasciculus is suddenly involved in 
intense high frequency discharge lasting one-twentieth to one-tenth of a 


= second (fig. 1440). The resulting contraction is a slow wave. This type 


of contraction occurs in different fasciculi independently and intermit- 
tently. A cramp takes the form of rhythmical high frequency discharge 
of this kind (fig. 14b). We observed the transition of the action currents 
of willed movement into periodic intense cramp action currents (fig. 146). 
Occasionally the intense discharge will last a second or more without 


intermission, and then cease suddenly (fig. 14d) or become transformed 








into the intermittent type. The contraction is fascicular, and in our view 
is but an intense form of the fasciculation of fatigue (fig. 13). 

While further examination of the focus is beyond the means at our 
disposal. we regard this phenomenon of “false fibrillation” and 
“myokymia ” as one probably related to vascular cramp, or other change 
in the vessels which supply the fasciculus. Cramps in the same muscles 
commonly affect the subjects of myokymia. It has not in our experience 
_. been relieved by calcium, though improvement in the general health, of 
the subject usually leads to its disappearance. i 

It is noteworthy in this connection that on the one hand Langley - 


Boas (1915-165) noted that fascicular contraction occurred in frog muscle ata 
moderate stage of fatigue, and that on thé other Kny and Schultze both 





ture involved, for other fibrillation is sensible according to its size, and. : 


















miyoky — that thelr. Pi nis suffered. from ; grea : 
anced sweating. . Excessive. perspiration - vas also a disorder obvious 5 
the two patients ‘suffering from generalized: myokymia observed by us. 
ese observations indicate that fatigue may derange the excitability of 





the motor nerve in or near the muscle, and that disturbance of sodium 





se chloride balance may in particular cause such derangement, in other forms 


_ than cramp. It may be stressed therefore that the incomplete relief of the 
condition by exhibition of sodium chlor ide indicates that the neurosis or 
exhaustion state underlying fatigue or hyperidrosis requires also to ne — 
e treated i in iii subject to this disorder. 8 






only as momentary dimpling of the chin. It is not infrequently obse 


0) INVOLUNTARY TEE SPEE CONTRACTION IN AFFECTIONS OF 7TH - 
: NERVE. 


The muscles supplied by the 7th cranial nerve are peculiar in that in - 
stages of partial regeneration of the nerve a curious type of involuntary 
contraction and spasm appears (“ post-paralytic contracture ”). This is not 
“ true fibrillation ” for intermittent very small action currents in the electro- 
myogram of the completely paralysed muscle indicate that “true fibrilla- 
tion” is present, though not observable by inspection of the face by the 
clinician. Post-paralytic contracture is commonly observed following 
Bell's palsy and was described by Duchenne (1883). Babinski (1905) and 
Lamy (1905) observed the association of the spasm with.inco-ordinate move- 
ments of the face, such as contraction of the frontalis when attempting to 
close the eye, and considered it to result from regeneration of the nerve 
fibres into abnormal channels. The exact manner of production of the 
spasm remains unexplained. It can be observed as intermittent flickering 
contractions, one contraction often affecting wide areas of the facial muscle, 
and each contraction varying from some half to five seconds in duration. 
By the overlapping of successive contractions moderately steady “ contrac- 

e” is set up. When the phenomenon is slight in degree it may be seen 


as a sign of affection of the 7th nerve by tumours in the lateral recess, and — 
we have seen it occur as the first sign of a pontine attack of disseminated o 


sclerosis, as is also described by Oppenheim (1911) and others. “ Post- 









| paralytic. contracture” is quite distinct from psychogenic facial spasm, 
which is a stereotyped movement related to the tics. 

_Electromyographic records of “ post-paralytic facial contracture” reveal _ 
« successions of very rapid action currents of uniform size and shape (fig. 16i 
The size and regularity of each outburst is exactly comparable with motor 
— — urone e discharge. though the rate of discharge i is greater than that | af. 
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| a motor neurones in limb muscle. The outbursts occur at irregular intervals —— 
of one to thirty seconds or more. They are of increased frequency follow- 
oe ing any voluntary contraction of the muscle, and appear to affect the same 
_. nerve fibres as are innervated voluntarily, for an attempted movement 
causes these units to discharge also. These bouts of rapid discharge are _ 
jodic, as if a focus in the nerve fibre, or the motor neurone in the facial- 
leus were intensely excited at intervals. We have not found any criterion 
to give a clue to the site of origin of the discharge. The electromyogram `: z 
~~ of this post-paralytic contracture closely resembles that of stretch responses 
in sodium contracture in muscle (Adrian and Gelfan, 1933) though PES 
the face the discharge is nervous. Possibly the facial muscle is particu-. : — 
larly sensitive to stretch in this way at a particular stage in regeneration. — 
The electromyogram nevertheless indicates its fundamental difference 
_ from true fibrillation and true fasciculation, and the other forms described 
above. The electromyogram of tic-like facial spasm on the other hand 
-is that if any voluntary movement in the face. 

‘< Bender (1938) in an interesting paper shows that the paralysed denerv- 
ated facial muscles of the monkey enter a spasm when the animal is 
frightened. It is concluded that the phenomenon is acetylcholine contrac- 
ture due to release of that substance into circulation by fright. Such con- 
tracture affects all the facial muscles at once, and disappears when 
regeneration occurs. In this manner it differs entirely from “ post-paralytic 
contracture,” which appears only with regeneration and affects isolated 
fasciculi. We have not observed this fright phenomenon in man. 
















-(8) On Somme ABNORMAL Conrracrions ELICITED sy MECHANICAL 
o O STIMULATION oF VOLUNTARY MUSCLE, AND THEIR RELATION TO. 
: l FIBRILLATION. 
“Schiff (1858) described the contraction elicited in striped muscle by | 
| direct percussion (“ idiomuscular contraction ”} and the persistence of the 
phenomenon in the animal recently dead. A localized knot of contraction 
immediately forms at the site of percussion, and series of small waves of 
-contraction leave the knot on either side and travel to the ends of the 
suscle fibres, sometimes being reflected back again. Schiff and others have 
ued that these localfzed and slowly transmitted forms of contraction 
Wwe e related to the sarcoplasm and ngt to the sarcostyles (Joteyko, | 909 
tamena and | Hashimoto 1 hate! obarryed slow waves — in b 














non i is rare as a soontancow event in pa ele ig s appear è 
=o immediately after death appears to be relåted to deficient oxygeneration 








NAL ARTICLES AND E 


t can t ye produced readily by. — ssulphocyanide Langley | 


filred, 1885-86). Curschmann (1905). Klippel (1903) and others. have 


oe -noted the phenomenon of idiomuscular contraction in man and its inten- 
sification, with the appearance of the slowly «ransmitted waves, in patients 


l suffering from various debilitating diseases such as phthisis, alcoholism, 
acute — In these it can be observed especially well on percus- 
sion of the pectoral muscles, and was at one time considered of i importance 
in the diagnosis of phthisis, though direct relationship was later disproved 
(Klippel, 1903). The localized contraction was called by clinicians- 
“ mycedema ” (myoidéeme). Curschmann (1905) concludes that its occur 
rence is but one aspect of a generally raised muscular excitability which 
may occasionally affect the nerves also. 

We have observed the fully developed phenomenon in two patients with 
wasting of the muscles of the shoulders as part of a general cachexia from 
neoplasm, but with no other sign of nervous disease. We submitted one 
to electromyographic examination of the anomaly for comparison with 
true fibrillation and fasciculation. 

In the normal person percussion of muscle induces a small local knot 
of contraction with tightening of the remainder of the fasciculus, and both 
subside in from one to five seconds according to the intensity of the 
stimulus. A sudden plucking pinch, sufficiently strong to be painful, of 
the belly of biceps brachii elicits it well. The electromyogram shows a 
large number of irregular fine action currents, indicating that local diffuse 
excitation has occurred, varying in degree according to the local mech- 
anical damage. 

When the <‘ — contraction ” is present the local contraction 
appears as above, but the local contraction (“ myœdema ”) subsides com- 
_ pletely only after some ten seconds or more. It is accompanied by a few | 


-o usual rapid action currents (fig. 17a, at x), and with brief general tightening ; : : : 
of the fasciculus. The small transmitted wave leaves the knot of local | 










5c) though | other sodium salts delay its appearance in excised. muscle — 


contraction immediately, and we have recorded it as it passes a distant ; 


point on the same fasciculus, all of which it appears to involve. It travels — 
_ at a rate calculated to be 2:08 cm. a second and last 0:7 sec. at one point. 
-It has no action current (fig. 17a), though there is possibly a small negative 
-variation. If action currents of willed contraction are present they are not 
abolished by the slow wave (fig. 17). f | 
‘Gelfan and — L 1932, — and Geltan — have shown — 
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wp at its cut end, or by a localized mechanical stimulus. Such a slowly propa- 
- gated contractile process was found not to be accompanied by an action 
current. These authors have proposed the reasonable hypothesis that the 
. contents of the muscle fibre (sarcoplasm and sarcostyles inclusive) possess 
: separate irritability and rate of conduction. On this hypothesis the 
mal mechanism of conduction of the excitatory process very rapidly 
over the whole muscle fibre and rapidly stimulating the whole of it, is the 
“action potential mechanism.” This appears to be a wave of depolariza- 
“tion passing over the sarcolemma, or outer muscle membrane, accom- 
panied by an action potential. Thus normal contraction of a single fibre 

is rapid and possesses initia] electrical variation. 

On this view, which appears well founded, the phenomenon of idiomus- 
-cular contraction becomes the response of the whole muscle fibre to intense 
© mechanical stimulation, and is made up of a momentary stimulation of 

normal twitch contraction, plus an intense and more lasting stimulation 
~ ot the muscle fibre contents at the point of injury. This latter focus is 
the starting point of slow waves of contraction in the contents of the fibre. 
Under certain circumstances, among which the prominence of acute in- 
fections, gastric carcinoma, gastritis, and tuberculosis strongly suggest a 
factor of disturbed potassium: sodium ratio, the excitability of both sar- 
colemma and muscle fibre contents appear to be raised. We might there- 
fore recognize in the phenomenon of idiomuscular contraction a 
disturbance of the excitability of the muscle fibre, predominantly of its 
contractile contents. In contradistinction, true fibrillation is a greater 
“sensitization of the “action potential mechanism ” (? sarcolemma). 
<- Bremer (1932) has shown that the various varieties of physiological 
> and pharmacological contracture in muscle can be related to two types 
-of excitability normally present in muscle and our view of the phenomena. - 
of fibrillation and idiomuscular contraction would fall into line with this 
| point of view, though we have not attempted to determine the excitabilities 
concerned. | 

In the earlier sections of this paper we have indicated that the clinical 

. observation of fascicular twitching on the one hand and true fibrillary 
| tching on the other may be interpreted as due to enhanced irritability 
f the motor neurone, or the muscle fibre respectively. The occasional 















occurrence of fasciculation in the cousse of an acute toxic infection such © 


as the onset of pneumonia, in association with enhanced idiomuscular — 
contraction, would indicate that in such states the irritability of all the 
various parts of the motor unit may be disturbed. Such is also more 
commonly and consistently observed in the Course of tetany, where fascicu- 











€ rone { y lest, 193 5), and: where enhanced idiomuscular contra 
ont as been described (Curschmann, 1905). OMe 












CONCLUSIONS.* 

_ (1) Close inspection of spontaneous twitching of muscle fibres reveals 
é characteristics which enable the situation of the disturbance of excitability 
be deduced. The single discharges of disordered anterior horn cells are 
us distinguishable from the more coarse and longer twitches arising 
E rom affections of the intramuscular nerves, and both are distinct fre < 
the fine fibrillation of denervated muscle. Combinations of the various 

- types may occur. : 






2 (2) Hyperexcitability of motoneurones in diseases such as progressive . 
~~. muscular atrophy or amyotrophic lateral sclerosis results in regularly 
-o periodic discharges of single impulses by the motor neurone. The focus 
“ef irritation is not at the synapse, but within the neurone. The resulting 
-fasciculation at rest should be distinguished from rapid fasciculation 
during contraction (“ contraction fasciculation °). 


(3) Denervated muscle fibres contract periodically, and the confused 
SD medley of small twitches constitutes true fibrillation. The movement is 
so slight that it can seldom be seen in the clinic. The twitching appears 
to be due to heightened excitability of the sarcolemma, or rapidly con- 
_ ducting portion of the muscle fibre, to traces of free acetylcholine in the 
tissues, l 
w (4) Re-innervated muscle is free from such involuntary excitation, 
— except for the curious “ contracture ” of facial muscle, which consists of 
periodic intense repetitive discharge which suggests a central mechanism, 
(5) In circumstances of fatigue or excessive loss of sodium chloride | 
vol untary muscular contractions appear. Those due to fatigue are small __ 
bursts of contraction ina kancli, and are of a Lae — as swe 












bundles | in the a —— T hese of Be wR — with hype e 
rosis are of similar nature but of more Dea distribution, and more 


Jo ied dis harp = compar ed wich —— — — of fibrillation — cha 
fasciculation of neurone discharge? gives the resulting fascicular movement 
a slower, undulating appearance. 










(6). The. excitability of the cytoplasm ‘of muscle fibres may be di * 
y tionately raised in association with cachectic states. _ Abnormalities o 
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_ the mechanical excitability of the muscle fibre then appear. Investigation — 
of the sodium : potassium ratio in this connection | would appear desirable. - 


. We wish to acknow ledge with gratitude the use of electromyographic l 
appar atus provi ided by the: Medical Research Council, and the permission | 
en by various members of the Medical Staff of the National Hospital, 

en Square, to interest patients under their care in submitting them- o 
3 to this i inv nvestigation. l : 
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To illustrate article by D. Denny- Brown and J. B, Pennybacker, 
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To illustrate article by D. Denny-Brown and J. B. Pennybacker 
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Fig 170 


To illustrate article by D. Denny-Brown and J. B. Pennybacker. 
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` DESCRIPTION OF PLATES. 


straci ings read — left to right. Time marked by vertical lines at top of 
BC ord at 1/3 sec. intervals: {except fig. 17). 


PLATE XVI. 
M) and electrical (E) tracing from the mylo-hyoid muscle 
from wasting ¢ of the muscles of the tongue due to syringomyelia. . 
“visible just under the mandible, where the muscle lies just under 
sical white strokes at the top of the record indicate interv als of o 






















r als of “56 sec. | 
Fic. 3a Mechanical and electrical record of fibrillation in M. soleus, cat, nine 
$ after section of sciatic nerve. i 
1G, 30. -Electrical record. of intense fibrillation in M. gastrocnemius nine days — 
section of sciatic nerve. l 
4-—In 4a is shown the action currents of soleus seven days after nerve 0 | 
Some four seconds later about 0-1 c.c. of 1 : 500,000 acetylcholine in saline =o 
njected into the muscle at its origin. The reaction after about a second is shown 
in fig. 4b. Thirty seconds later the electromyogram is that shown as Fig. 4e. Cat. 
Time 1/5 sec. intervals. — 
. Fic 5a—Left pectoral muscle of patient suffering from amyotrophic lateral 
sclerosis, with coarse fibrillation, Mechanical (M) and electrieal record (E) of a 
fasciculus of the muscle. At x there occurs a twitch in the underlying intercostal 
| muscle. At y a twitch occurs in the fasciculus with accompanying action current. 
Fig. 5b.—As fig. 5a, showing an identical twitch and action current 4-9 sec. 
i -later Time 1/5 sec. intervals between large white strokes. 


PLATE XVIL 


Fic. Gu. Pectoralis muscle of patient suffering from amyotrophic lateral sclerosis. 

Slight. postural contraction is present, with rhythmical discharge of three small 

coo motor units. At x, y, and 2, there occur three fascicular twitches. That at x is in 
the underlying intercostal muscle and is without action current. Those at y and z 

- occur in the fasciculus from: which the record is taken, and are different in both the adh 






























! inuation of the — of fig. 6a showing repetition of the twitc 
record 6a after an interval of 68 sec. Time intervals of 1/5 sec. | — 
1G 1 M. triceps of patient suffering from amyotrophic lateral sclero 
dva ‘Showing rapid coarse fasciculation and fine fibrillation. 
; muscle was ‘very weak and atrophic. In the confused electromyogram various shi 
‘of action current marked a, b; €, d, are being repeated at intervals varying fr 
sec. to 10-0 sec. and longer. 
| . pectoralis major. Amyotrophic lateral sclerosis, . In fig, 8a a 
ntaneous fascicular twitch occurs at x. At y the patient. commences a a slight 
ed movement, with resulting repetitive discharge and cont action of the same 
runit. In fig. 8b asimilar twitching unit in another part of the muscle is seen 
and its discharge in- ‘Sesponse to willed effort at y. The action currents are 
voluntary discharge as in fig: 86 is seen terminating 
m begins as y, and for three irregular beats occurred 
the continuation of the tracing after y. T 


otrophic lateral sclerosis. Severe fasciculation. 
g the flexors of the elbow before the record begins. 
i sciculation and fibrillation occur irregularly 
all ce al discharge of other kind in the muscle. 
frequent in the first second $ lowing: reciprocal 
the usual baa rhythm. ” ss 
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marked x had occurred 44 ; 
ked y had occurred 4-8 sec. 


earlier, and- recurred 5-4 sec. later. That marked z had occurred 8-2 sec. earlier and 








PLATE XVI 


Fic. IICAA normal voluntary contraction of M. biceps brachii. In the electro- 
myogram the rhythmical discharge of motor units is seen to become more intense 
by the addition of further separate. rhythms, each in a slightly larger size of 
action current. After a lapse of 2:2 sec. the record of fig. Ha is continued as fig. 115, 
showing further increase of the movement by accrescence of further and larger © 
electrical and mechanical units. Time 1/5 sec. ao. 
Fic. 12.—M. biceps. From a patient with progressive muscular atrophy, showing — 
at this time only fasciculation during muscular contraction, The muscles were 
wasted. Fig. 12a shows occasional periodic twitching during a slight posture. Fig. 12b 
shows the twitching in another unit coming late into a willed movement. Fig. [2c 
shows the twitching occurring early in another willed movement. Fig. 12d shows 
occasional isolated twitches with slight movement such as holding the limb forward. 


PLATE XIX. 


Fic. 13.—M. biceps brachii. Patient with general asthenia. A coarse tascicular 
wave of contraction lasting a second is recorded on a background of slight postural 
discharge (one unit recording). Time 1/5 sec. 

Fic. 14.—-M. gastrocnemius, Patient with myokymia and cramps in both lower 
limbs. In fig. [4a a wave of myokymia occurs at x, accompanied by very rapid 
discharge in the electromyogram lasting 0-4 sec. Some slight normal discharge 
occurs at y. In fig. 14b is shown the electromyogram of an intense cramp, with 
periodic high frequency discharge. The patient was endeavouring to relax the 
muscle without success. In fig. [4c a voluntary movement develops into a cramp, 
with change of a normal action current rhythm into high frequency discharge. In 
fig. 14d a cramp is seen to end suddenly at x. 

Fic. 15.—From a patient suffering from debility, with involuntary twitching 
of the lower eyelid. A small series of jerks in the mechanical record (M) is accom- 
panied by a small repetitive action current, one to three diphasic waves in very 
rapid succession. Each group is indicated by an arrow. At x the patient blinked. 

Fic. 16.—Facial palsy with partial recovery. Fig. 16a shows one of the frequent . 
tion current discharges which accompanies the spasm. The muscle is also fibrillat- 
g œ; 16b shows a motor unit discharging in slight voluntary expression involved — 











1 a bout of spasm at x, and entering intense discharge with other units at y 
ponse to the command, “show your teeth.” a eei ade 
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-y records its passing. 









3 eriod of. 1-5 sec. bas, 
the beginning of the trac In fig. 176 a similar 
! “The action currents of voluntary 





orded during slight voluntary scontraction. — 
ntraction are unaltered by the wave. 

















































2 Norices or Recent PUBLICATIONS. , 
The Hypothalamus : :M orphological, Functional, Clinical and Surgical 
Aspects. By W. E. Le Gros Crark, J. Bearrie, G. Rippoc 
J. M. Dorr. ‘Edinburglt: Oliver and Boyd. 1938. Pp. ati, a 104 
Price 12s. 6d. — 


“he hypothalamus has for the time captured the interest that in — “yea 
s enjoyed by the corpus striatum, the peripheral autonomic system ink 
lore ephemerally-——by the so-called “premotor cortex.” The present symp 
of lectures delivered under the auspices of the Ramsay Henderson Trust | : 
authors named above will provide a useful summary of modern knowledge an 
current views. The anatomical section contains a clear, comprehensive and well: 
Aillustrated account of the comparative and human anatomy of the hypothalamus and _ 
ae hypophysis, while Professor Beattie contributes a précis of the experimental 
physiology of these structures. Dr. Riddoch summarizes the clinical manifesta- 
tions of disease involving them, while Mr. Dott, with some unnecessary repetition of 
cee this matter, discusses the surgical treatment that may be possible. The last-named: 
; section will be of greatest interest to surgeons, and its superabundant illustrations 
will encourage them by that winning air of simplicity they impart to the necessary 
procedures. 
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The Brain and its Development. By J. Barcrorr. Yale University Press, 
New Haven. 1938. Pp. 111. Price $2. 


In these fascinating lectures Professor Barcroft traces the development of central 
nervous activity in the growing foetus, relating this to the interaction between the 
internal and external media in which the fæœtal brain finds itself. The chemical 

milieu that bathes the developing brain has a stability that reaches its highest. 

refinement of regulation in man, a factor which the lecturer suggests as having in 

all probability played a part in the development of man’s intellectual powers. The- 
st indication of a disturbance of this stability is always an impairment. of the 
est qualities of the brain. p 
‘The ascending order in which the reflex mechanisms of the ord’ and th | 
— stem are seen to take up their functions in the foetus affords an interesting. com- 
"mentary on their activities in post-natal life, as these have been revealed by the 
experimental physiologist, while the successive disappearance of these function 
above downwards on successive. descending transections of the neuraxis completes ; 
that picture of evolution and dissolution of function of which Jackson wrote. | 























re Doctrine of Signatures. A Defence of Theory in Medicine. By Scorr 
~ Bucwanan, Professor of Philosophy in the University of Virginia. 3 
London: Kegan Paul. 1938. Pp. 205. Price 7s. 6d. 


- This philosophical essay will have for the medical reader a paradoxical. 2 air, since 
urges: a return to the principles of Aristotle and Galen, the men who loomed s 
oritatively, and. as many think deadeningly, over medizval medicine and science. 
it is the ancient. distinction between forni and matter, and the rational and 
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‘saleological 2 aspects of Galen's s — — that. axe hi e forward as the proper: Bau yen 
= for speculative. advance in medicine. Since (ps is the branch of medicine — 
in which philosophical, and even metaphysical, | issues are ‘nearest the surface, there 
is much to confirm Professor Buchanan’s sorrow: that he. popular philosophies which 
are so widely espoused by psychiatrists are not better understood as disguised and 
truncated Aristotelianisms: the sciences which gow precariously out of them, he 
says, fail at crucial points and frustrate their own rational developments, His brief 
references to homeeostasis and “ the pious talk about the unity and wholeness of the 
organism ” are refreshing ; confusion and loose generalization, while still widespread, 
are more easily spotted by such an outside observer, perhaps, than by doctors them- 
selves. The author's s plea for the revival of the liberal arts of the trivium and 





their application to medicine is lucidly and attractively expounded ; it deserves the = 


attention of those who are aware of the influence philosophical theories have had 
in the history of medicine and who are not blind to the crudities and culs-de-sac 
in some of the medical sciences to-day. 
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Les Arachnoidites Opto-chiasmatiques. Par J. Bottacx, M. Dav and 
P. Preecu. Paris: Masson et Cie. 1937. Pp. 300, figs. 76. Price 70 Fr. 


This is a really good monograph and deals with a subject the importance of 
which is becoming more widely realized. Arachnoiditis affecting the optic chiasma 
appears to be either more frequent or more commonly recognized in France than 
in England, for of the 129 case-records on which this work is based no less than 
sixty-six are from a single neuro-surgical department, viz. that of Dr. Clovis Vincent 
at the Hôpital de la Pitié. In every one of these cases the presence of chiasmal 
arachnoiditis has been verified at operation or post-mortem examination. 

Having defined their subject and given a brief historical outline of the 
recognition of arachnoiditis, the writers demonstrate the normal anatomy of the 
region of the chiasma and then the abnormalities found in cases of arachnoiditis. 
The illustrations are numerous, lucid and convincing. Another excellent chapter 
is that on symptomatology. According to the authors’ statistics the commonest 
- syndrome produced is (bi-lateral) central scotoma, this occurring in 31 per cent. of 
cases. The next most frequent syndrome is simple constriction of the visual fields, 
and these two groups together make up 54 per cent. of cases. The classical 
-bi-temporal constriction of the fields occurs in only 17 per cent. and other 


* 


mianopic syndromes in a further 13 per cent. 











y chapters, and there are analytical tables of all the previously — on 
and of the cases personally studied by the writers. E 


Matter to present and know well how to present it clearly. 





oe ~ Les Méningo-Neurobrucelloses. Par H. Rocer and Y. Pourstnes. Paris: 











Masson et Cie. 1938. Pp. 248. Price 45 Fr. 


In this valuable monograph the ios bring to notice the fact, hitherto 
-4 scarcely appreciated by those interested in the Brucella infections, and virtually 
: “unknown to neurologists, that these infections are char teristically neurotropic and 


fs but commonly, 





e differential diagnosis, forms of treatment, and results, are discussed in the 







It is evident that the authors are past-masters of their subject, have importan eae 


ve rise to a wide range of clinical disorders of nervous function, and this: not o 
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+). They open their account with a general statement of the ætiology and clinical 
. features of Brucella infection, and follow this by a detailed description of the 
_. clinical pictures of central and peripheral nervous disorder due to invasion of the 











cated by examination of the cerebrospinal fluid, is described, but unfortunately 
e is no account of the morbid anatomy of the nervous system. — 
clinie al descriptions indicate that nervous involvement occurs late in- the 
rse of the infection, and. that all parts of the nervous system, meninges, hoin, 
al cord and peripheral nerves may be affected. i 
xe studies recorded in this excellent monograph form a notable addition, to 3 
clinical neurology, and one with which the neurologist should be familiar, o o 





a Textbook of Neuro-radiology. By C. P. G. WAKELEY and A. One, 
London: Bailliére, Tindall and Cox. 1938. Pp. xiv and 336, figs. 229, — 
Price 25s. | 


‘The increasingly valuable role of radiography and its various applications in 
| neurological diagnosis make a textbook devoted to this subject a welcome addition 
te neurological literature. It is probable, however, that the chief value of the present 
work will be that of a technical guide to neurological radiography for the practising 
radiologist. The various methods and devices in use for the demonstration of the 
-many pathological changes in the skull and its contents, and in the vertebral column, 
that are capable of being seen in a radiogram, are described in detail. 
` Brief clinical descriptions are given of most of these lesions, but these are of 
. doubtful value because they are too short, and do not always emphasize--or even 
~mention—-the clinically salient features. Thus, meningioma of the ethmoidal groove 
is dismissed by the bald statement that its chief diagnostic feature is anosmia—a 
plainly inadequate summary. 
The occurrence of such misspellings as “ exopthalmus,” “ gliomasis ” and “ sub- 
ternorial,” indicate that greater care in proof reading would have been advantageous. 
-` The illustrations are good, but the different sections are unequally supplied in. this 
$ respect and many of the reproductions of radiograms too small to show adequately. 
o te features they are intended to display. 


22 és 





O Diabetes Insipidus. By C. Fisner, W. R. Incram and S. W. Ranson. Aaw 
Arbor. Michigan: Edward Bros. Inc. 1938. Pp. 196. Price 5 dollars. 


This volume embodies the details and results of a series of investigations on- the 
_.. structure and functions of the hypothalamico-hypophyseal system. A salient feature. - 
in the experimental method has been the production of lesions in the hypothalamic 
ion by the Clarke-Horsley stereotaxic instrument. There is a detailed clinical. 
dy of diabetes insipidus in the cat, and an account of the normal anatomy of the 
othalamus and hypophysis in this animal. Finally, there is a long critical 
assion of the relative merits of the By pomnalarmie and hypophyseal hypotheses 
ning the origin of diabetes insipidus? 
nithor s conclude on the basis of their own observations that: the neural 
m of the hypophysis controls the flow of water through the kidney, and in — 
pect of this function it fulfils the postulates of an endocrine gland, and on the 
ing grounds: (1) Because its extirpation os atrophy secondary to interruption 
Pea tracts leads to a deficiency symptom, nee 
















1ervous system by the responsible organism. The reaction of the meninges, as o 














či cause to elaborate 1 ae (4) Because 

e eficiency sympt : pee Be! “alleviated by ane í therapy, ie. the adminis- 
tra ation of extracts of the neural division containing this antidiuretic hormone. 

- This book is photolithographed from typescript, the object being to permit of the 

a ‘jneapensive production of scientific works that- necessarily command a limited 

= circulation. 

















— yenotheraſy. By PauL SCHILDER. London: Kegan Paul, Trench, 
— Trübner and Co. 1938. Pp. 344. Price 15s. 








The author's expressed purpose is to provide the student, the general physician ` — 





k ` and the psychiatrist with a knowledge of the technical procedure and the scientific ` 


i principles upon which to base an approach to psychotherapy. It may be 3 
questioned, however, whether with no further knowledge than can be gleaned 
from so concise a summary of so vast and complex a subject, or without prior 
experience, the circle of readers named could hope to become successful psycho- 
therapists. Possibly the technique of a physical or of a biological science can be 
usefully imparted in this simple way, but the thesis that psychotherapy is wholly 
based upon scientific principles and has no element of art in it is a mode of “ wish- 
fulfilment ” that not all will achieve so easily as the author appears to have done. 
That there is both an art and a science of medicine is an admission that no medical 
man finds it difficult to make, and psychotherapy will begin to approach the 
scientific more nearly when its exponents find it possible to make a similar admis- 
sion. That he should find it impossible to do so indicates that for the. psycho- 
therapist, as for the rest of his professional brethren, the command “ — 
heal thyself,” is still a counsel of perfection. 

The various questionnaires given for the benefit of the psychotherapist suggest 
strongly that the approach to the patient must take account of what the author 
calls his “ideologies,” for they are manifestly not suited for general use, and if 
0 used would bring many budding psychotherapeutic essays to an abrupt con- 

clusion. There is to-day a vast amount of literature and discussion devoted to the 
study of the homo sexualis of Freud and the komo economicus of Marx, and the 
psychotherapist seems so deeply preoccupied with the former of these abstractions 
is overlooked the actual existence of homo sapiens: For this Cinderella 
chologist’ s cosmos we see small hope of relief—should he ever neei 
particular form thereof——-from a psyc hotherapy that takes such small ace i 

so many and so important elements in his ——— Peo 

















Sou ce Book J Gestalt Psychology. By wW. D. Erus. London: Kegan 
T rench, Trübner and Co. 1938. Pp. 403. Price 21s. 
The: uthor has translated and reprinted summaries of. th irty-four articles which 
have appeared: in Germany during the fifteen years” following: 1915. Part I con- 
-tains a statement of the general framework of Gestalt psychology, and Part II gives 
| experimental and clinical details. There is a final section dealing with the various 
ms that have been made by opponents of this school of psychology. .. — 
k pook is a valuable source of information: for all whe’ wish to keep. abreast oh 
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UMOURS OF THE THALAMUS 
STUDY. 
BY G.E. SMYTH AND KARL STERN. 
“(From the National Hospital, Queen Square.) 





A CLINICO-PATHOLOG 















E following study w was sündertaken with two objects in view. The — 
to determine whether the dev elopment of tumours in the thalamus is 
——— and poate — characteristics, or whether among De ‘ 










ving some — teristic pa auch as a pec — — * dopina , 
r of expansion. Examination of the material available at oo National 








ees — ae phe Edinger (1891), Deae. — Roussy 01906), — 
“and Head (1911), was re produced by new growths. s ; 
no We — heen ene ny the cca. A to be — between the 
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> therefore, i it seemed. 
teq h cks already been removed 
one — case ‘hr routine amii.. a d these gaps had to be 
econstructed i in the li ght of the macroscopical post-mortem photographs. 
The ‘serial sections were stained by Nisal’s method. In addition van 
ieson hæmatoxylin, Mallory’ S phosphotungstic acid hæmatoxylin, 
æmatoxylin-eosin, Holzer’s and Weigert-Pal’ $ stains were applied to 
representative sections. Trial sections from various parts of the cortex 
were stained with Scharlach-R, Nissl’s, and v. Braunmiihl’s stains in. L order, ee 
— ~ to exclude general cerebral diseases. : n 














TUMOURS INvapING THE THALAMUS FROM THE VENTROLATERAL PERIPHERY. 





Case 1.—D. M., a man aged 50, was admitted to the National Hospital under oe 
Dr, Gordon Holmes on April 16, 1937. 
The first symptom of his illness in August, 1936, was a persistent sensation of 
oqweakness of his right wrist. Within a few weeks there was a deterioration of fine 
movements of the fingers, and by December the right arm was weak and this was 
followed by slight weakness of the right leg. These disabilities slowly increased 
* and two weeks before admission he became unable to shave himself. He did not. 
admit to any sensation of numbness but suffered frequently from a dull aching pain 6 
in the right arm. For three weeks he had had severe vertical and occipital headaches 
which constantly awakened him at about 5 a.m, and lasted for the greater part of 
the. day. Occasional brief diplopia on looking to the left had been present for one 
“week and during this time there had been a persistent blurring of vision which, he 
insisted, was quite independent of diplopia. In other respects he felt well ; appetite . 
was good and, if anything, he was gaining weight, For about three weeks he had 
been sleeping unusually well and often had dozed during the day, a thing he had 
never done previously. The patient had been seen in private consultation by Dr. 
— Gordon Holmes on March 24, 1937. At that time he complained of weakness and 
clumsiness of the right limbs and of numbness and aching of the right arm. Head- 
ache and visual disturbances had not then appeared. The significant findings 
ecorded by Dr. Gordon Holmes were: Considerable weakness of the right lower 
nd deviation of the tongue to the right ; marked loss of sensibility for prick, | 
and » temperature on the right half of the face with absence of the corneal 
o There was no papillædema, the visual fields were full and there 
ility of — extr insic or intrinsic ocular: muscles, , -The limbs on th 
| syoximal and distal segme ge 
i ually —— T bere was —— — of the right limbs. T he i 
erks were exaggerated on the right and the right plantar response was a 
tful extensor. On the right half of the body there was much sensory loss for 
—— prick and temperature and great loss for posture, iform and vibration, Dr. 
-Gordon Holmes considered that the Patient had a progressive lesion, probably — 
3 plastic, deep in the left hemisphere and, from the; amount of sensory disturbance, 
* tit lay near the aE o tyre 
Examination—April 16, 1937: The paent was a welt. built florid man who co- 
rated well. Speech and intelligence were entir — nor rma. Hew was right handed. 
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Taste, smell, and hearing were normal. Vision was § in each eye. On confronta- 
tion with a § mm. white disc there appeared to be a slight limitation of the right 
homonymous fields but this observation was not confirmed by subsequent perimetry. 
The fundi were normal. The external ocular movements were full. There was no 
nystagmus, ptosis or diplopia. The pupils were equal (5 mm. in diameter) and 
circular in outline. They were fixed to direct and consensual light but contracted 
promptly and fully on convergente. The jaw muscles were normal. There was a 


marked weakness of the right lower face in both voluntary and emotional movement. 


The tongue deviated to the right. There was hypoalgesia, hypoxsthesia and 


Central grey matter 








Aqueduct 






Substantia — ned J— 
Fic. 1.—Case l. Situation of the tumour in the rostral part of the mid-brarn 
(Nissl. Approx. x 4.) 


impaired temperature discrimination over the whole territory of the right trigeminus, 
and the right corneal reflex was less active than the left. The remaining cranial 
nerves were normal. 

There was some hypertonus of the right arm and leg, and power was a trifle 


diminished. Tests for co-ordination revealed a gross ataxia of the right limbs. 


Alternating movements were carried out clumsily on the right. 

On the right there were increased tendon-jerks, ankle clonus, diminished 
abdominal reflexes and an extensor plantar response. 

There was marked impairment for toech, pain, pressure pain and temperature 
discrimination on the right half of the body. The area of sensory loss came to 
within one inch of the mid-line and was as deep on the trunk as on the periphery 
of the limbs. There was a gross loss of postural sensibility in the right arm and 
leg. The arm was the more severely affected ang here the elbow and shoulder were 


- +.” me ae, * A 


ev 


to inda a sheets d 





oe when ¢ common articles. were — in sde — nd. Vibration was not perceived 
a on the right arm, on the right leg it was diminished. | 
ope The cardiovascular system was normal, Blood- pressure 150/100. Examination 
of other systems showed no abnormality. | 
—— „Cerebrospinal fluid—Initial pressure 140 mme of. water. Cells less than I per 
mm. “otal protein 0-160 mgm. per 100 cc. Globulin positive. W.R. negative 
in blood and fluid. 
. n Progress: ~~April 26, 1937: Strong pin-prick caused an exaggerated response on 
_ the right half of the body. The pain was less tolerable than on the unaffected side 
and it radiated widely. ‘This perverted response persisted until death. 
ve. May 6: There was marked limitation of upward movement of the eyes and an | 
EF attention hemianopia in the right upper homonymous quadrants. — 
E May 25: The right hemiplegia was complete and the arm and leg were flaccid. 
‘The tendon-jerks were diminished although relatively more active on the right. 
Both plantars were extensor. He sank slowly but there were great fluctuations from 
day to day. He alternated between a light stupor and deep coma. 

June 3: There -was a definite right homonymous hemianopia. The right eye 
was turned inwards and a little downwards and there was weakness of conjugate 
movement to both sides. The limitation of upward movement was not quite com- 
plete and was greater on the right. There was inability to converge. The pupils 
were rather small (about 3 mm.), equal and entirely fixed. Throughout the illness 
the pulse and temperature were normal. 

Post-mortem examination.—The body of a rather thin middle aged man. Right 
arm and leg rather more wasted than the left (14 inch difference at the middle of 
the upper arm). The brain alone was examined. There was a slight cerebellar 
pressure cone, On examining the mid-brain both anteriorly and posteriorly the left 
crus was seen to be diffusely swollen and less white than the right. There was a 
slight degree of ventricular distension. On section of the fixed brain a circum- 
scribed tumour mass was encountered which was rather degenerated and showed 

large greenish-grey gelatinous areas. It occupied the larger part of the left 
tegmentum and the left thalamus, It extended caudally to the level of the nucleus 

_ albus and orally up to the anterior part of the lateral nucleus of the thalamus. In 
its lower part it occupied the whole parabigeminal area and a lateral zone of the 














artit occupied the lateral part of the thalamus and the adjacent part of the internal 
capsule and the lenticular nucleus (mainly globus pallidus). The anterior ; 
edial nuclei of the thalamus were macroscopically intact. 
— Microscopical examination showed a large-celled glioma with a marked tende x 
te. degeneration. Apart from large glia cells (many of which were multinucleate 
or in mitosis) there were numerous smaller cells of various types. In some places 
e was a perivascular arrangement but this was not congtant, many vessels show! ing 
no attachment to neuroglial cells. All varieties of degenerative change were seen in 
the nuclei of both large and small cells but mitoses were more common in the large 
LS cells. The vessels sosed chiefly thicRening of the media but intimal proliferation 
_ Was seen in some. Although | the tumour in its. single elements was rather poly- 
orphous, the appearances were essentially the same ar all levels which were 
mined. From the great pum per of large multinucleated cells and from the 























-of primary recognition — 


red nucleus leaving only a small rim of the superior colliculus intact. In its upper 
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large protoplasmic astrocytes it resembled most closely the variation which — = 
and Oberling (1931) described as the giant cell astrocytoma. — 
Blocks from the material still available, were imbedded in celloidin and a series 
47 sections — an was ranen with thionin, 















a The ventral: part of the peer acl, almost. he white 
a reticulata, the ventral nucleus and the larger lateral part of the pulvin; 
isappeared. The lenticular fasciculus and the zona incerta were entirely destr 
~- and here the tumour occupied the dorsal capsule of the subthalamic nucleus | 
compressing this nucleus and invading a small dorsolateral part of it. A pro 
ee of tumour tissue extended through Wernicke’s field into the most proximal. pa rt of. 
the optic tract at the point nearest to the lateral geniculate body. The medial and 
ateral geniculate bodies lay within the zone of glial and mesodermal reaction — 
sur rounding the tumour. At this level the tumour occupied the greater part of the 
anterior colliculus and the area adjacent to it, the parabigeminal area (Mingazzini) o 
— the areas of the medial lemniscus, the dorsal portion of the quinto-thalamic tract, 
| and the outer (more cellular) zone of the central grey matter and compressed. the 
aqueduct into crescentic form (fig. 1). The red nucleus was much compressed, and. 
© oo its dorsolateral part was invaded by tumour tissue. At this point a lateral process 
of the tumour extended through the dorsolateral cell group of the substantia nigra 
into the corresponding segment of the peduncle. The most caudal part of the 
growth invaded chiefly the parabigeminal area, the more caudal level of the medial 
~Jemniscus and the lateral capsule of the red nucleus, interrupting many of the fibres 
of the oculomotor nerve as they passed forwards through the mid-brain. 

















SUMMARY. 

oS Right hemiparesis with sensory disturbances conformin g to the thalamic. — 

| syndrome i in a man aged 50. Later widespread ocular palsies occurred and | 
th resulted after a total course of ten months. — 
Giant-cell glioma affecting the inferior part of the internal capsule and | " 
he lateral mesencephalic area. Expansion medially (thalamus, tegmentum) a 
and laterally (lenticular nucleus). No immediate primary relation to the 
ventricular wall. so 









_ Case 2.—E. B. aged 43, a single woman, was admitted to the National Hospital 
inder Dr. Gordon Holmes, on March 1, 1937. 

For many years she had held a responsible post as a head saleswoman and until 
week before admission her health had been good. Then quite suddenly, she 
an to complain of feeling excessively tired and she found herself continually 
ning. This fatigue grew worse and She became unusually sleepy. Four days 
fore admission to hospital she became aWare that her left hand was weak, At _ 
same time she thought that the right corner of her mouth had become drawn up — 
‘ing the course of the next two days the weakness of the left arm became so 
yt that she was scarcely able to withdraw ig from beneath the bedclothes and 






























eeping very , heavi y for: about a s atid. sh hac no. difficulty in — får 

tenor: eleven. hours gether. She denied ever having bad any headache or pain 

- elsewhere, There had been no disturbance of vision. The menses were regular and 
e last period had occurred about a fortn ight bef6re admission. 

_ Examination.—March 1, 1937: The patient was a well-nourished, well- -preserved 
woman. A degree of ptosis gave her a rather sleepy appearance, but she was alert 
and co-operated fairly well, Orientation was correct and there was no gross defect of 
— memory. There was no ace in the unaffected. (right) arm. She was right 

Paie, T 
Cranial nerves.—Smell, taste and hearing normal, Vision § in each eye. Tl 
iehn fields were full to confrontation tests and there was no attention defect or. 
p: Sial disorientation. The fundi were normal. — 

‘The external ocular movements were full and there was no nystagmus or diplopia. 
The pupils were unequal (right 4 mm., left 3 mm.) and slightly irregular in outline. 

They. were fixed to direct and consensual light but reacted moderately well on 

convergence. There was a moderate bilateral ptosis, rather more marked on the left, 

with overaction of the frontalis. 

here was a doubtful hypoalgesia on the nose which seemed rather more definite 

on the left. Sensibility to light touch was normal. Both corneal reflexes were 

present but the left was less brisk than the right. Marked weakness of the left lower > 

face was well brought out in ordinary conversation. It was very little marked when 

she smiled or laughed. When the mouth was maintained widely open the left 
arch was not so well preserved as the right. 

‘The remaining cranial nerves were normal. 

Motor functions.-Upper limbs: There was no wasting, fibrillation or involuntary 
movement, The left arm lay helplessly by her side and was quite toneless. Enough 
power remained at the shoulder to maintain the arm outstretched for perhaps a 
second. There was trace of voluntary flexion and extension at the elbow, but 

< the paralysis was complete below the elbow. Firm grasping with the right hand 
= o caused feeble associated flexion of the left arm. The functions of the right arm 
were entirely normal, The lower limbs showed neither wasting nor fibrillation. 
ere was a very slight hypertonus of the left leg. Power was slightly reduced in 
yuscle groups of the left leg. There was no inco-ordination. The functions of 
ght leg were normal. The sphincters were unaffected. rae 
— Both ankle saat were absent, the — gen ae were normak- 


























“Appreciation « — posture and A — movement was — in 
ngers: and ‘toes, _ Discri nee of compass saad was normal in the hands 


the m nd dine ; a par — murmur at eie apex was oed i over 
rea _No diastolic. murmur was heard: “Pulse 70. Blood- —— 





Pre ogress. — March a 1937: ‘Slight « sensory Toss was observed in the left hand. 




























mon — Hew in ate eft head: 
March 15: The. pupils were more irregular than — admission and totally J 
‘The left leg was slightly hypertonic. For the first time it was” 
strate a slight eee on the left limbs and trunk. There 
of postural and 2-point discrimination in the left hand and- ‘foot, D 
t the more affected’ ; — 
ch 30: -She complained of headache and vomited once. There w as blurri 
nasal halves: of the optic discs and marked inability to look upward 
ontation — was eaten! limitation of the see hoton moun pa F 











e to light. 





















§ m to — her TP She suffered irem — headed T 
fundi remained unchanged and, although the discs were blurred, no measurab 
: welling appeared. — 
a general the signs remained unchanged ; the hemiplegia gradually became 
‘until the rigidity of the left arm and leg were intense and the super al 
loss became more marked. However, the loss of sensibility to prick. ney 
‘complete, and to the end she vigorously resented strong stimuli. At ne 
ime did‘ she complain of anything resembling spontaneous pains. The “ thalamic 
T sponse * was never detected, but it must be remarked that for many weeks before _ 
— death a proper sensory examination was impossible. The condition of the 
pupils and external ocular movements during the time she was under observation i 
ao were of particular interest, : 
April 12: Both pupils were totally inactive to light, the left pupil reacted only 
me slighty on convergence ; the right was fixed. Paralysis of upward conjugate move- | 
ment was first need on March 30 and it was then complete. However, twelve days oco) 
-Tater there was some slight ability to elevate the eyes. Conjugate paralysis. wae: 
again complete after a further two weeks, and remained so until she died. The 
power of convergence was lost about the beginning of May, and from that time until oe 
noe her death in June her eyes appeared to be entirely immobile. The size and- shape 
yf the pupils varied considerably from time to time. At times they were, equal | in. : 
more often the right was slightly the larger. In the last two weeks of her life 
came moderately dilated, and the right was permanently rather the A irge 
degree of irregularity also showed great variability from day to day. Perim “try 
carried out shortly after admission and the fields were full. ‘Later a ‘left 
homonymous defect was detected, and confirmed on numerous occasions but her 
condition did not allow then of perimetry. The cerebrospinal fluid was examined — 
on March 2. It was under an initial pressure of 120 mm. of water. It contained — 
0-180 per cent. of total protein but otherwise showed no abnormality. — The d 
„Wassermann reaction was negative in blood and fluid. 2 
Post-mortem examination.—The body of a very wasted, middle-aged woman. ~ 
external signs of disease. Bram: Arteries healthy. There was no swelling of- 
pons or mid-brain, But on examining the thalamus on the two sides after 
ion of the corpus callosum that on the right was definitely the more bulky. 
icision a rounded mass of tumour w&s seen in the right thalamus. ‘There was 
ificant lesion in the spinal cord or viscera. 
On section of the brain in the horizontal plane the cortex in the calcarine region 
oth sides was found to be shrunken, brownish and softened. There was no 
net of thrombosis or other disease of either posterior ccreprat artery. There 











































































sid a was not available 
yi moved for routine patho- 
— examination. ae ais Gel it cò id be seen that the tumour 
66cupied the whole of the lateral part of the thalamus and appeared to invade to 
—— some. extent the inter nal capsule, The medial part. cof the thalamus appeared less 
invaded. The anterior nucleus appeared quite free from growth. It was impossible 
o delimit the tumour more exactly for the reason. already stated.. 
Microscopical examination—The tumour was composed of small rounded cells 
k with rather irregularly sized nuclei. There were very numerous and thin-walled 























-| vessels j in the tumour and numerous threads of reticulum and collagen in the matr ike a 
Co Vessels of medium size were cuffed with tumour cells. The cells showed many oo — 
mitoses, chiefly irregular, and there was a great tendency to degeneration. Theo o> - 





-appearances were those of meningeal sarcomatosis. T here was no resemblance to 
a glioma. s , 
Imn the calearine cortex the nerve cells had disappeared, 1 leaving an area of gho- 
o mesodermal reaction in the deeper layers and a. swelling and proliferation of 
— OR in the surface layers. 
Brom the remaining part blocks were imbedded in aidin and serial sections 

l (every ` 25th section) were stained with thionin. In the basal ganglia the tumour 
occupied the larger part of the lenticular nucleus and the ventro-lateral zone of 
the thalamus, replacing the whole sector of the intervening internal capsule, Only ` 

a small (dorsal) part of the globus pallidus and the dorsal and lateral zones of the 
putamen were preserved. The tumour had obviously destroved parts of the ansa 
lenticularis, ‘The substantia innominata (Reichert), the nuclei of the tuber and 
the paraventricular nucleus were preserved. The . medial areas of the thalamus. were 
—mot-invaded. In the dorsal part of the medial nucleus there was a small area of 


an apparently fresh softening. In the central third of the pes pedunculi there was 


an area of tumour which extended through the zona reticulata and pars dorsalis of 
the substantia nigra into the field of the medial lemniscus. In its neighbourhood, 
“in the substantia reticularis, near the central grey matter, there was a small area 
if recent. softening. It could not be P whether or not the mesencephalic 
sa of tumour was in connection with the main part of the tumour. In the central 
7 ay 


glia. 












SUMMARY. 


io 7 a —— Neonat a sarcoma — the j internal capsule expanding in 
os ‘hoth directions ; ; into the thalamus from the periphery towards the ventricle, 
= and into the lenticular nucleus. Area of growth in the ventrolateral area 
h > midbrain. Bilater al infarction of the visual cortex. 
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matter, around the aqueduct, there was a diffuse proliferation of capillaries .. ae 
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- These two cases have this in common that distinct fecal symptoms, 
h as are met —— in. yes cases of nage eae or thalamic lesions, were 






— ata ie. cages, we may er e PO — 
mptoms (hemiparesis, hemianzsthesia) as typical of a capsuloth 
Neither of these cases can be regarded as a To — r 







: lesion. 


in el — or — k areas or in the ‘terial —— con- _ a 
-~ tguous to the thalamus, it is clear that the thalamus was first invaded in 

; os lateral and ventral regions. : 
ae The first case was a typical ¢ giant-cell glioma (Roussy and Oberling). and 

oe n i$ noteworthy that the duration of life was longer than in the other cases. 
ee The second case was more interesting from a histological point of- view. 
ee With its round cells, which either spread as a compact growth or permeated 
5 : the Virchow-Robin spaces, it resembled closely the cases of primary round: 
2008: cell neoplasms of the brain (Fried 1926, Kornyey 1934, Scheinker 1936 ~ 
a Mage and Scherer 1937). It is remarkable that the four similar cases — 
yorted. by previous authors also occupied the basal ganghia, probably = 

g from the meninges of the base. As in this case hemiplegia was. the 
symptom it is conceivable that the tumour originated in the pes. 
edunc uli and expanded i in upward direction. If this is so it might explain : 
“the early loss of pupillary reactions. | 















INTRINSIC THALAMIC GLIOMAS. 


. Case 3.—-T.C., a man aged 64, was admitted to the National Hospital (Dr. Gordon a 
Tolmes) on September 9; 1932. The details of the history were confirmed and 
plemented by his wife. 
n April, 1932 he was suddenly discharged from his employment because of 
ness depression and this caused him great anxiety. Up till that time his health — , 
wen good although he had always been of a “nervy” disposition. From this 
“he became unusually tense and was obviously brooding over his trouble but no - 
tain mental or physic al defect was noted until some six weeks before admission — 
hospital when he noticed a gradually increasing weakness of the right side of the 
dy a the upper limb rather more severely than the lower. At about the 
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same time he began to complain of “ coming queer” in his head and that the right 
arm and leg felt cold. His wife first realized that he was seriously ill when she 
discovered that his handwriting had degenerated into a scrawl and that he was 
unable to handle a pen. About August 20 he began to suffer from severe headaches. 
These he attributed to constipation. They were accompanied by nausea but he 
never vomited. He was himself aware of a deterioration of memory and was aware 
of, although not distressed by, his inability to recAlect the details and chronology 
of his illness. He had always been a restless sleeper taking a long time to get off 
to sleep. Latterly this had not been so and in addition he was often drowsy by 
day. No disturbance of speech had been noted. No fits had occurred. He was 
right handed. 





Fic. 2.—Case 3. The lateral nucleus is invaded by tumour growth which here 
stops short accurately at the border towards the internal capsule, It is noticeable 
even at this magnification that the nerve cells in this area are preserved, (Nissl. 
x 14.) 


Examination.—September 9, 1932: The patient was a tall rather thin and ill 
looking man who suffered from frequent and severe headache. He was inclined to 
be drowsy but, when roused, was quite alert, Mentally he showed a striking ‘loss 
of memory together with some inattention. As noted above he gave a disjointed 
and incomplete history. He answered incorrectly or not at all such questions as 
* What hospital are you in?” “ When and where were you born 7” “ When were 
you married ?” He did not retain an address or any digit of a series of 7. Judgment 
and insight were certainly impaired, for, despite professions of concern for the 
future of his family, he made flippant refies when asked what would he do when 
cured. His attention could not be held for more than a few seconds. He smiled 
vacantly from time to time. There was no aphasia or apraxia. 

His handwriting was only just legible but the paresis and sensory loss in the 
right hand were sufficient to accoung for this. 












be caine ‘thie 1 iadi a — — The ae were pote a mm. A — l 
ëgular and reacted briskly to direct and consensual light and in convergence, The 
ernal ocula: movements were full in all directions. There was no nystagmus, 
it or diplopia. - There waf a very questionable bilateral ptosis. The jaw 
ed slightly. to the right when opened against resistance. ‘There was definite 
ess of the right lower face which was accentuated by sustained voluntary n 
ment. Sensibility on the face was normal. The corneal reflexes were prese E 
d equal although somewhat sluggish. The remaining cranial nerves were Norr 
Th ere was a mild right hemiparesis, The loss of power was somewhat gr 
i — ie than in the arm. The posture of the right ar m was very poorly s 
7 one was normal in the arm, but was slightly increased in the right leg. y: 
7 oy gross inco-ordination in the right arm and leg which was independ 
T right the tendon-jerks were exaggerated, and there was ankle lonus ; ql 
erficial abdominal reflexes were absent and the plantar response was extenso 
On the left the reflexes were normal except for an equivocal plantar response. o 0. 
: - Sensation was difficult to assess. He was incapable of co-operating for more than 
a few seconds. Perception of light touch and vibration appeared to be normaly 00 
ooo Pin-prick was perhaps a little dulled over the right hand, elsewhere it was normally 
felt.’ Sense of position and passive movement — to be altogether absent in’. 
the right extremities but were normal on the left. Compass tests were attempted — 
but the patient persisted in repeating the same answer. 
Examination of the other systems did not reveal any abnormality. Pulse : 
and temperature remained within normal limits throughout. The urine was normal. 
< “in constitution and amount. The cerebrospinal fluid was examined on September are a 
. 1937. It was under a pressure of 100 mm. water. There were three small and aoe 
OAS medium sized mononuclear cells per centimetre. The total protein was 0-130 mg. 
r cent. and the globulin test was weakly positive. In other respects the fluid 5 
s normal. The W.R. was negative in blood and fluid. — 
ereoscopic radiograms of the skull did not show any abnormality. | 
ogress.—September 22, 1937 : He was distinctly more alert and free from head 
(daily enemata of 50 per cent. magnesium sulphate had been given since 
-Sep ember 15). With the eyes closed he had no notion of the position of the righ 
Carm and leg. Slight hypoalgesia and hypoaesthesia was confirmed on the right side : 
particularly in the upper extremity. l i 
September 29: There was a marked increase in the mental symptoms and a 
severe nominal aphasia. Power was still very good on the right side although a. 
little diminished by comparison with the left. The inco-ordination on the right side: 
s even more marked than on admission. It resembled cerebellar ataxia. The- 
ht plantar response was strongly extensor, the left was doubtful. 
After this the patient’s condition steadily deteriorated and death occurred from a 
minal pneumonia. a : 
Post-mortem. examiation._-The body of a very thin elderly man. No external 
en of disease. Brain only removed. The dura was tense and the convolutions 
ttened. On opening into the ventricles, which were considerably dilated, a large - 
ened tumour wale into the left ventricle in ne region of the basal ganglia, 







































































































d ganglia» occupying Zan 2 area: 1 which extended pn the ievel of the — body 
posteriorly to the level of the infundibulum santerforly, In its anterior and lower 
parts it was white and firm causing a diffuse swelling of the thalamus, The upper 
and posterior parts were haemorrhagic and diffusely brownish red. Here the tumour 
= pushed the middle part of the lateral ventricle and, further back, pressed across the 
mid-line. It appeared. to involve almost the whole of the left optic thalamus, In _ 
the middle part, where the tumour was soft and haemorrhagic, a very small gim of = 
the thalamus along the medial (ventricular) surface seemed to be preserved. In — 
anterior part the internal capsule seemed to be infiltrated to a small extent. 000o 
| Microscopical examination.—-The tumour was composed of large cells with one 
or two peripherally placed nuclei and numerous fine processes. It was very 
a degenerated i in its upper part but very few multinucleated cells were seen in it and 
no mitoses were visible. It appeared to be a large celled astrocytoma. In serial 
sections (53 sections, 20, Nissl) the tumour was first seen at the anterior tip of 
the thalamus compressing, but not invading, the adjoining part of the caudate 
nucleus. There was an area of tumour infiltration around the vena terminalis. In 
large parts of the lateral nucleus and the medial nucleus in the anterior planes the 
tumour occupied the whole of the thalamus but the nerve cells were still seen in 
these areas (fig. 2). More caudally the tumour again consisted of vast degenerated 
areas in which nothing of the destroyed tissue was visible. It expanded laterally 
“into the internal capsule in its posterior third and in its sublenticular part. Dorsally 
and medially it extended into the pulvinar which was entirely replaced by tumour 
tissue, Here it expanded. laterally into Wernicke’s field and infiltrated the medial 
fifth of the lateral geniculate body in its dorsal part. Ventrally it did not expand 
into the region of the vegetative hypothalmic nuclei neither did it reach the mid- 
brain caudally, In the mesencephalic level a considerable zone of the ventral nucleus 
— and of the medial nucleus (nucleus reuniens, Malone) was preserved. The tumour 
hovhere came into the area of the eye muscle nuclei or of the red nucleus. On the 
-lateral and ventral surfaces of the pulvinar the tumour expanded into the wall of 
è inferior horn, compressing and partially infiltrating the ventricular surface of 
e | ippocampus and the white matter surrounding the inferior horn. It stopped — 
at the U-fibres of the cortex of the temporal lobe. The basal ganglia on t e. 
ht side were normal apart from a zone of subependymal gliosis which separa 
1e right thalamus from the ventricle. Trial sections from the frontal lobes 
erebellum, stained with Nissl and Scharlach R, were ‘normal. 


































| SUMMARY. 

Clinic ally: A man aged 64 showed a rapidly de veloping right | remiparesis 

th. pronounced sensory loss. Meneal deterioration occurred early and 

ecame deep before death which occurred some six months after the onset 
symptoms. U oe 

: Anatomically : Per was a Jarge celled — with a marked 
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‘tendency to degeneration, which occupied the left thalamus with- ie 
exception of a small area in the posterior planes of the medial and ventral 
nuclei. The mid-brain and the eye muscle nuclei were intact. The internal 
cay ule in its posterior third and sublenticular portion were partiall ; 
‘ ted. There. was also an infiltration of the white matter surrounding 
ferior horn and of the hippocampus on its ventricular surface. | 















se 4.—W. GC. a man, aged 67, was admitted to the National Homitil’ wilde 
“Gordon Holmes on April 4, 1937, D 
The history was obtained from a son who said that his father had ‘alwa 
-good health until the onset of his present illness. In the middle of F ebruary 
some six weeks before admission to hospital, he caught influenza. He took 
hed and seemed very weak. He was a little “light headed,” but no attentio ip 
a paid to this as it had often been noted before if he chanced to be feverish. 
ever, -when the fever remitted in the course of a few days these mental zym 
d not clear up. He continued to be unusually — and his mental conditi 
ıs abnormal. In describing the mental state as “light headed,” the son meant 
¿a childish and rather fatuous manner. His speech was perfectly intact but hiso 
2 ~ remarks were constantly silly and irrelevant and the family could place no reliance oo 
on his statements. He continued in much the same state until a week before admis- 
-sion to hospital and then speech began to fail rapidly. This was first apparent by. 
a failure to select the proper word but, within a few days, he was quite unintelligible 
and incapable of reading or writing. From the beginning of his illness he had 
-= been unusually sleepy but in the last few days this had become more marked. 
‘Headache first appeared at the time when the drowsiness increased but there was 
cono vomiting. On the day of admission there were several outbursts of great excites 
ment and violence. He seized anything at hand to throw at his wife and. terrified 
the whole family. Vision was unaffected, at any rate up to the onset of aphasia, 
—— He had been incontinent of urine and fæces for one day. ae 
— Eaumination. -April 4, 1937: A well-nourished man in no evident pain and — 
i uite alert. He was right handed. The presence of an almost total aphasia made = 
igh éxamination difficult. His speech was unintelligible, being nothing more 
na string of unconnected words. He was unable to read or write and- he did . 
t appreciate pantomime. He showed imperfect recognition of common. articles. i 
‘When handed a pencil he had no notion of how it should be held. There was some 
degree of apraxia. When given a box of matches he at length recognized its nature. 
bur it was only after fumbling — several minutes that he succeeded im extracting — 
and striking a match. He showed no distress at or insight into his condition but 
smiled constantly. | 
-© Cranial nerves.—Smell apparently normal. Visual acuity not determined. He _ 
equently shut his left eye, particularly if he wished to look at anything ; and he 
ad a marked disinclination to look towards the right. On confrontation there was a 
nsiderable right homonymous hemianopia, but perimetry could not be used, The | 
fundi were normal. The external oculas movements were full, although there was 
-disinclination to look to the right. There was no obvious squint, ptosis, en- or 
phthalmos. The pupils were equal (3 mm.), very slightly irregular in outline > 
ad almost fixed to direct and consensual light. Convergence could not be obtained. 
here was a pronounced weakness of the right lower face which was very noticeable 



















































her t k . When ‘support was with- 

n — — outstr: edd arms the ae fell a away at once. Voluntary movements 
esli htly. weaker on the right, There was a peguliar irregular and rather coarse 
nor of the right arm. It was only present when the limb was unsupported and, 
ything, | was more palpable than visible. More exact tests of co-ordination could 
be applied. The tendon-jerks were slightly increased on the right and there was 
onus of the right foot. All the abdominals were absent. Beth plantars were flexor 

the right toes tended to fan. To crude tests with. pin-prick there was a definite. E 

iypoalgesia on the right trunk and limbs. Examination of other systems did not - 

lose any abnormality, except for a moderate arteriosclerosis, The blood-pressure ae hae 

170/120 mm. He. ‘The urine was normal. — 

| Cerebrospinal fluid: Pressure, 300 mm. water, Fluid yellow. Cells 25 per cmm. _ 

mE per cent. polymorphs, 10 per cent. large mononuclear s). Total protein 0-40 per 
cent, Globulin test strongly positive, W.R. negative in blood and fluid. 

7 | Progress.—There was progressive deterioration. To exclude the possibility of 

Pe a subdural hæmatoma trephine holes were made and the ventricles were tapped. 
| “The exploring needle encountered a solid tumour deep in the left hemisphere. He 
died one month after admission to hospital. | 
Post-mortem examination..-The body of an old man, rather thin, no external 
signs of disease. The brain only was removed. The dura was moderately tense but 
there was no. evidence of cerebellar pressure cone. No softening of convolutions 
was visible externally but the left temporo-parietal region felt bulkier than the right, 
and on opening into the lateral ventricles, a brownish tumour mass was seen filling 
the left optic thalamus and projecting into the third ventricle. Its central part was 
gelatinous on section, and actual tumour substance appeared as a very thin layer. 
< The tumour extended backwards from the optic thalamus to the occipital white 
- matter external to the ventricle. Anteriorly it passed upwards to the superior 

ang ‘surface of the thalamus, and laterally to the lenticular nucleus, leaving only a 

< part of the ventral nucleus of the thalamus macroscopically intact. The exact 

xtension in the hypothalamic region could not be defined in the material still 
lable, In its lateral parts the tumour invaded large areas of the white matter. 
the occipital lobe the growth stopped short beneath the U fibres of the cortex. 

MI ascopical exantination.—-In its undegenerated parts the tumour was composed 
ocytes of very varied size and shape, but with very well defined fibres formin 
ce background. Many of the larger cells had large cell bodies but 

than one or two nuclei. Mitoses were only seen in. the. endothelial cells of th 

| walls. On approaching the degenerated areas the cell nuclei became pyknotic 7 

many of them showed karyorrhexis. In these areas mitotic figures were seen. 

: umour was an astrocytoma but with more tendency to polymorphism and 

er ation. than i is shown by most tumours of this type. 

ial sections (45 sections, 20 ju, Nigsl) the tut our. extended from the anterior 

f the thalamus, including ‘the anserior nucleus, to the posterior tip of the 

In its anterior levels it pushed a small preser ved | rim of grey matter into 
ventricle: and upwards towards the corpus callosum, dn dorsal direction it stopped 
tat the vena terminalis, compressing to a certain extent the caudate nucleus but 
















































































t invading i it, ote ventral Fredi it did: not occupy the whole dalani The: i 
cleus was preserved i in large part. Even parts of the lateral nucleus were pres 
in some levels its nerve cells were preser ved though invaded. Thus the tumo 
d not inv aded the hypothalamic region or the mid-brain. Its chief ext 
s in a lateral and posterior. direction. It occupied the poster ior and inferic a 
j apsule. the poster ior part of the lenticular nucleus, : and mo 
matter. of. ‘the temporal lobe lateral to the inferio 
e To the « cortex itself. Wer pike s uae was — — 








































tum, “Gratiolet’ s` — and ie — era cari bundle « were- 
tumour tissue. The subependymal glia surrounding the vena termin. 
proliferated at ‘Jevels where there was no actual tumour. Apart from this th 
an even subependymal gliosis on the ventricular surface of ure caudate nt 













SUMMARY, 


nically A man, aged 67, showed a rapidly developing me ital 
‘rioration which was followed by slight right hemiparesis with. some | 
sensory loss. Reflex iridoplegia was present early in the disease. nes 
Anatomically this tumour was an astrocytoma, replacing almost the 
: whole left thalamus, except for parts of the ventral nucleus. It had a 
ee tendency to grow along the ventricular wall and to expand in a posterio- 
a lateral direction. ‘Thus, apart from the thalamus, it had destroyed chiefly _ 
the secondary optic system, the internal capsule and part of the lenticular: 






































nucleus. 


coroa Case 5.—R. B, a man aged 63, was admitted to the National Hospital under. ue 
D Riddoch on February 8, 1937. By birth a Bulgarian he had lived in England 
ce. childhood and, until the onset of his present illness, had enjoyed excellen 
o The followi ing history was obtained from his wife: — Er 
Ta one month before admission he first complained that his near vision ha 
poor: ‘He went to a spectacle maker who gave him lenses but these d 
| Indeed he was rather worse off for he complained that, when re ding, 
“print appeared double and to overcome this he acquired the habit of closing hi 
-left eye. At this time his family became aware of a slight change in his disposition, 
Previously he had been mentally and physically active but now he was slow an 
this slowness day by day became more evident. He was noticed to take an unusually 7 
ong time in dressing and his replies to quite simple questions were delayed. First- 
‘lost the ability to write and his attempts at writing became a mere childish i 
ibble. At this time he became unable to read. He was often seen with a news- 
per in his hands but ke never turned the pages and merely stared vacantly at ` 
ever was before him. Soon after this his speech began to fail. His articulation 
orrect but he put his words together badly. At times however he spoke 
irkably well. His memory had become grossly unreliable in the past two weeks. 
ver alluded to the distant. past but recent happenings were hopelessly mixed. . 
is tempe! had become uncertain. For about two weeks he had been excessive] 
His gait was noticed to be slightly unsteady about a week before admission. 
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He did not veer to one ‘dite more than another. His general health seemed 
unaffected. His appetite was very good ; indeed better than usual. There was 
no loss of flesh. He had never complained of headache and when directly questioned, 
denied ever having had any. There had been no vomiting. For perhaps two weeks 
he had often been seen to play with his fingers, touching ene after another with 
the thumb, now with one hand, now with the other. His wife thought that this 
Was an imitation of one of the tests which his doctor had used. 
Examination.—-February 19: The patient was a spare elderly man, unable to 
give a history by reason of a severe dementia, To direct questioning he said that 
his eyes were wrong but in what way could not be ascertained and no admission 
of diplopia was obtained. He constantly screwed up his left eye. He explained 





Fic. 3.—Case 5. The anterior border of the tumour coincides with the anterior 
border of the thalamus. The ganglion cells in these areas (lateral nucleus) are 
preserved. Note the subependymal gliosis over the ventricular surface of the caudate 
nucleus, (Nissl. x 12.) 


that he first did this to overcome double vision but he would not say why he still 
did it. He was disorientated in time and space and he was quite unable to carry out 
the simplest mental arithmetic. There was no apraxia but he was slow and clumsy 
in using his hands. On one occasion he attempted to put some coins in what he 
imagined to be an inside pocket of his pyjama jacket. Heewas able to dress himself, 
but had to be reminded to get into cach garment separately. 

He never spoke unless spoken, to. His ¢eplies were correctly phrased and articu- 
lated but he was slow and halting and uSed as few words as possible. It was impos- 
sible to obtain a specimen of his handwriting. When given a pencil he held it for 
several seconds and then threw it down saying he could not see to write. He made 
the same excuse in explanation of pis partial inability to read. When urged he 
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read slowly and words of more than two syllables gave him great difficulty. When 
shown a series of common articles he misnamed several. He used the word pencil 
to describe a pocket torch, a fountain-pen and a penknife when these were shown 
to him in succession. Despite the dementia, co-operation was remarkably good 
provided commands were given in a simple direct form. He was right-handed. 

He appeared to recognize but could not name any of the usual test odours (pepper- 
mint, cloves and —— The sense of smell was less acute in the left nostril. 
Vision approximated in each eye. The visual fields were full by confrontation 


N. Edinger—Westphal 





Somatic nuclei of the 3rd nerve 


Fic, 4.—Case 5, Relation of the posterior margin of the growth to the eye muscle 
nuclei, (Nissl. Approx. x 13.) 


tests and there was no attention defect or visual disorientation. Perimetric charts 
were not obtainable becawse of the dementia. The fundi were normal. Hearing 
was slightly reduced in both ears; Weber was not lateralized and air conduction 
was better than bone conduction on botle sides. There was complete paralysis of 
upward movement of both eyes, both voluntarily and reflexly. The other external 
ocular movements were full and there was no nystagmus or diplopia. The pupils 
were small (2 mm, in diameter), equal and regular in outline. There was only the 
merest trace of contraction to direct and consensual light. There was complete 


BRAIN—VOL. LXI a4 














: There was. no wasting, fi fibr dligeion or involuntar ry movement. Tone was -patr 3 
in all the limbs and active movements w ere normall trong. There was no tremor 
| - inco-ordination, and alternating movements were carried out equally well on 
rth sides, His gait was slightly unsteady but ng more to one side than the other. 
-The tendon-jerks were present and equal upon the two sides. The superficial 
“abdominal reflexes were all present and both plantar responses were flexor. 
_ Pin-prick, light contacts with cotton wool, and temperature discrimination were 
normally and equally perceived on both sides of the body. Appreciation of passive _ 
movement and direction of movement was normal in all four limbs. Discrimination 
-of two points was normal on the hands and feet. Firm pressure on the calves evo ce 
-a normal and equal response. | E — 
There was no sign of any cardiovascular disease, The vessels were heathy: 
~~ Blood-pressure_ 115/70 mm. Hg. The other systems were normal. — 
= The cerebrospinal fluid was under a pressure of 140 mm. of water. It contained 
cell per cmim., and the total protein was 0-09 per cent. In other respects it was 
normal, and the W.R. was negative in blood and fluid. 
_. Progress—His condition remained stationary except that, after a few days, the 
_ pupils became totally inactive to light, and on February 24 ventriculography was 
performed. It was considered likely that he had a neoplasm in or about the posterior 
part of the third ventricle and this assumption was supported by the ventriculogram — 
which showed incomplete filling of the posterior end of the ventricle. The shortness - 
of the history suggested that the neoplasm was invasive and therefore inoperable. 
He gradually passed into a comatose state and died on March 9. In the last few 
«days of life the right arm became flaccid and motionless and he developed bilateral 
extensor plantar responses. Repeated examinations of the fundi confirmed the >”. 
absence of papilleedema throughout the entire course of the disease. ee 
Post-mortem examination.—The body of a wasted rather elderly man. No 
-external signs of disease except burr holes for ventriculography. The brain only 
vas removed. The dura mater was very adherent to the skull. j 
- Brain tissue was seen to be herniated into the burr holes. There was, however, 
10 other evidence of increased. intracranial pressure. The posterior aspect of the 
id-brain was seen to be swollen and white, especially on the left side, and the left 
pti : thalamus ` was very firm and bulged into the third ventricle. 






































ammus — to aque practically che whole of this. structure. “Tt did not appe 
ive the mid-brain except in a small area in the — of the left — 
—— ee extended toward the medial wi 










ae — of ‘the Veen — intact. Tt — ney — massa 
‘rmedia into the medial area of the right thalamus. At its frontal end it seemed 
— short at. the ¢ — nucleus. . 7 

Histological e: -The tunfour was rather polymorphous. In the most | 
ral levels — the dl of the anterior thalamic. nucleus) there were a large 
nber of oval cells in an indefinite matrix. T hey. were uniformly dense and in 
e planes followed the direction, of the myelin fibres. There were no mitoses: 

























he d — it the — — poet elie at che — —— to re 
dere the — varied mon — to — T here were areas of necrosis. — 













ut (every piety fitch section, is — 
rH ie, medial Tae Duce were entirely destroyed. In the postesio 







oimpletely duad 
The anterior nucleus was- preserved except for a slight gliosis at its postero: 
inferior edge. The mamillo-thalamic tract ig d'Azvr) seemed intact. The 
pulvinar was completely destroyed. Oe 
> Inthe posterior part of the third ventricle the tumour formed a bridge to the- 
2 “ vebuticular wall of the opposite side. The anterior part of the superior colliculus 
was invaded, The tumour extended with a long process along the medial wall of : 
the inferior horn, and was attached to the cortex of the hippocampal area. CAcpattocco 
=o of the cortex of the area glomerulosa (Economo) was destroyed by compression. -The — 
Internal capsule was slightly invaded in its posterior part adjoining the thalamus. 
“The zona reticulata was free to a large extent. In some parts the edge of the tumour a 
coincided exactly with the border of the thalamus (fig. 3). The ventricular nucleus” 
was free from tumour. Some cells of the globus pallidus were swollen with eccentric. 
— nuclei, The nucleus of Edinger showed a marked gliosis on the left side and a slight a | 
one on the right. The somatic nucleus of the 3rd nerve was intact. The left nucleus 
missuræ posterioris (Darkschewitsch) was infiltrated by tumour cells (fig. 4) The 
ja innominata of Reichert was intact. The mamillary bodies, the- ‘nuclei 
tuber; and the supraoptic nuclei were intact. A dorsal (accessory) part of the. 
aventricular nucleus was slightly infiltrated. The corpus subthalamicum and the 
dat ral geniculate body were intact. 7 i 
= Right side.—The tumour had invaded the massa intermedia and medial areas 
of the adjoining thalamus. The ganglion cells in these invaded areas appeared 
intact. The subependymal glia separating the medial thalamic nucleus from tbe ` 
ventricular wall had proliferated to a marked extent. | 
Trial sections from various parts of the cortex did not reveal any abnormality. | 
























3 ° SUMMARY. 
C linically : A progressive dementia | in a man aged 63 ending in death _ 
hin two months of the first symptoms. Reflex iridoplegia was an early 
n. Motor and sensory signs were absent till within a few days of death. | 
lnatomically : Diifuse glioma of the left thalamus spreading along the | 
tricular wall across the massa intermedia to the opposite side, and 
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extending to the most anterior part of the aqueduct and along the inferior 
horn. Its mode of expansion was such that the latero-ventral thalamic 
areas were obviously the last to be affected. 


Case 6.—E. E., a woman aged 44, was admitted to the National Hospital under 
Dr. C. P. Symonds on September 10, 1937. i 

The family history was uneventful. The only noteworthy detail in her past 
medical history was a questionable history of slight Graves’ disease in 1921. She 
had always been of an intensely active disposition, “ heading for a breakdown for 
several years.” Her pulse was habitually rapid. 

On June 14, 1937 (i.e. some three months before admission) she had what seemed 
an ordinary attack of influenza and was in bed for three days with malaise, catarrh, 
aching in the limbs and some fever. When she got up her pulse was rapid and she 





Fic. 5.—Case 6. The massa intermedia is occupied almost symmetrically by 
tumour tissue, (Nissl. x 10.) 


was put on Bellergal. Three days later she complained that everything seemed out 
of focus and when reading she was shutting one or other eye to stop the lines 
running together. The pupils were noticed to be dilated. She found tennis 
impossible as she was always missing the ball. At this time she became unusually 
drowsy and she could sleep at any time of the day, and this symptom had been 
present to some extent ever since. Early in July she had one severe bursting head- 
ache and ever since she had complained of a constant buzzing over the head. 

A tentative diagnosis of encephalitis lethargica was made. Towards the end 
of July there was a severe attack of giddiness. Since then she had often felt dizzy 
and unsteady. In July and August headaches became more frequent, and she felt 
a pressure at the back of her feck. Six days before admission she began to vomit, 
and this lasted for three days. The headache was now less severe. She stated that 
her hearing had grown much worse but her husband thought it still very good. 
Her memory had been poor for some weeks, she could not concentrate and was 
hazy about dates. No change if temperament was admitted. Her speech was 
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unaffected. No fits or faints had occurred. Libido had been failing for two years 
and absent for the past year. The menses were scanty and rather irregular. 

Examination.—A thin woman weighing only 7 st. She was unable to give a 
history and could neither date the onset of her symptoms nor give their evolution. 
Her memory, especially for recent events, was very bad and she had forgotten events 
of the past week. She was very confused, She retained six and sometimes seven 
digits. She could not subtract seven from hundred. Marked inattention and dis- 
orientation were present. She was rather drowsy but co-operated fairly well when 
stimulated. Her mood was normal but she had very little insight. Her speech 
was normal. 

Cranial nerves.—Smell normal. V.A.R.g, V.A.L. §, Fields full on confronta- 
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Fic. 6.—Case 6, Relation of the posterior margin of the growth to the eye muscle 
nuclei. (Nissl. x 18.) 


tion with a 3 mm. white object. Fundi normal. The pupils were equal and of 
moderate size, slightly irregular in outline and displaced a little inwards ; absolutely 
inactive to light but still reacting, though feebly, on convergence. Convergence 
was almost absent. Slight convergent squint was present at rest with constant 
nystagmoid jerking, the Quick component being inwards. The eyes were directed 
a little downwards and there was complete paralysis of conjugate upward move- 
ment, which persisted when the head Wag bent forwards. Conjugate downward 
movement was slightly limited. There was marked weakness of both lateral recti, 
the right more than the left; and slight weakness in conjugate movement to the 
right ; the left eye did not quite reach the inner canthus. There was no nystagmus 
on movement, no ptosis or proptosis. She did aot complain of diplopia at the time 
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itar responses were ‘definite t But — was s much ‘voluntary movement. ‘Betention 
‘entirely normal. ny A 
General examination.—-T perature rather low, 97 4 F. Pulse about 70-80, 
ood-pressure 115/90. Urine normal except for a trace of albumin. $. G. 1022. 
rebrospinal fluid (September 13, 1937) initial pressure 110—140 mm. water. The 
id was clear and colourless and no cells were seen. The total protein was 0-120 
er cent. and the globulin tests were weakly positive. The W.R. was negative in 
sod and fluid. 
Progress.-Septemher 16: There were marked apathy, indifference, lack o 
ight and a general inattention. The latter was so marked that she appeared deaf, 
- but was not really so, Dr, Symonds diagnosed a mid-brain tumour in the neighbour- 0" 
“hood of the pineal and decided ‘against operation, 
September 30; General condition worse ; she was very drowsy ; and complained 
ee ot frequent headaches but always in a casual indifferent way. She vomited often, 
i Specially in the early morning. No change in the physical signs was found. 
October 5: She seemed in her usual state at 8 p.m. but was found in coma at 
—— 10. 30 p.m. and died in the early hours of the following morning. 
< Post-mortem exumination.—The body of a rather thin small middle-aged woman. 
No external sign of disease. Only the head was examined. The bones of the 
vault were very thin but there was little evidence of erosion of the inner table. Dura 
fairly tight but no great flattening of convolutions and ne evidence of pressure 
cones. There was slight bulging of the infundibular region, and some distension 
cof the lateral and third ventricles. On cutting through the splenium a fairly well 
defined tumour, reddish-brown in colour, was seen growing from the upper part o 
_. of the quadrigeminal plate. It was attached to the right. optic thalamus and. |” 
appeared to infiltrate the posterior part of the left thalamus fairly deeply. The 
— tumour occupied almost the whole of the anterior quadrigeminal bodies, leaving | 
only a part of the left one and a small rim of the posterior commissure intact. It 
essed on the right pulvinar and seemed to occupy the right habenular area. From 
vere it expanded into the left side occupying the left pulvinar, the medial posterior 
arts of the left thalamus, and the centre-median nucleus at about to the level of | 
‘massa intermedia. The ventral nucleus seemed to be compressed but not... 
Itrated, the lateral nucleus and anterior part appeared intact. The internal 
le, the pes pedunculi, the red nucleus and the substantia nigra — al 
roscopically intact. } 
stological examination.— "The tumour was very cellular and owa of bij ato 
ith oval rather elongated darkly staining nuclei and very ill-defined cell bodies. 
multinucleated cells of larger size were present, and some of these had ring 
or ‘degenerated masses of chromatin, but no dé@finite mitoses were seen, 
ere was very little evidence of degeneration in the tumour, 
In serial sections (20 it, Nisl, every “25th section stained) the tumour began | 
lly at the caudal end of the quadrigeminal. plate which was occupied almost 
: -Within the quadrigeminal plate the tumour was practically sym- ` 
La d extended ventrally no further than the most dorso-lateral tip of the — 
otor nuclei. Fur ther forward it became asymmetrical. . Pa 































































: t it expanded. a hes anterior —— ‘eae. sna outward” int 
— which was for. the most: — diene — tumour tissue. The whol - 












| e Sues het rumour ——— — the anterior end of the superior collicul , 
e medial areas (nucleus reuniens of Malone). © Along the wall of the 3rd 
ride a small process passed forward but did not reach the massa intermedia to — 
in the tumour from the other side. Because the thalami had been torn apart it 
a -could not be certainly decided whether or not there was a bridge across the ventricle ee 
ee between the tumour on the left and that on the right. 








SUMMARY. 


A»aAß woman, aged 44, who showed progressive dementia and ocular _ . 
ae disturbances over a period of four months. Motor and sensory signs were one 
i ibsent. i ee E 

Anatomically : Diffuse glioma with symmetrical anterior and posterior 
(massa intermedia and quadrigeminal plate). In between these two 

t expanded chiefly to the left. The localization of this tumour w 
milar to that of Case 5 except that here there was no extension alon 
i ferior horn of the lateral ventricle. E 
















COMMENT. 


Clinically these cases were characterized by the fact that symptoms of = 
ntal impairment such as inattention, disorientation, confusion, emotional — 
rbances (Case 4), and sleep disturbances (Case 5), together with ` 
plegia, dominated the clinical picture, and that, on the other hand, 
d sensory and motor focal sigħs,(hemianæsthesia, hemiplegia) were 
in onset or poorly developed (Cases 3 and 4) or completely absent — 
es 5 and 6), : 
‘ase 3 is not easily distinguishable fron} the two cases in Group I except — 








e picture from tl 
f: a z st e cases in the first group — 
he last two cases in “which focal symptoms, „except the eye symptoms, — 
Te almost ‘completely absent ; the picture in fact was that of a progressive 
y ntal deterioration combined with fixed. pupils. 
. Anatomically these gliomas have produced a final picture of grossly 
rregular invasion and destruction. Nevertheless they have some important 
eatures, in common which justify their consideration as forming a single 
Troup. All of them were related to the ventricular wall; none of them 
xtending in rostral direction further than the vena terminalis. In the = 
opposite direction they extended into the tegmentum of the mid-brain, — 
-involving the iter and the adjacent nuclei (Cases 5 and 6), and along the w all ee 
of the inferior horn (Cases 3, 4 and 5). This relation to the ventricular wall 
and the adjoining areas might be explained as secondary invasion by a 
tumour of the depth of the hemisphere. However, a comparison of the 
areas of complete tumour growth, either degenerated or undegenerated, 
; -with the areas in which the preserved nervous structures were evenly 
~~ infiltrated by tumour cells, makes it clear that all these tumours had 
originated medially somewhere near the ventricular system and that they 
had expanded from there laterally into the hemisphere. Thus the internal 
capsule in its posterior third and sublenticular part, the white matter 
surrounding the inferior horn (Cases 3, 4 and 5), the subthalamic zone in 
Forel’s field H near the body of Luys, and Wernicke’s field lateral to the 
pulvinar were invaded. As far as the thalamus was concerned it was 
striking that the lateral and ventral nuclei were invaded but showed intact 
_-herve.cells or were in part completely free. This was most striking in 
Cases 5 and 6, and it is noteworthy that these were the cases in which 
-sensory symptoms were entirely absent. There was an obvious tendency 
the growths to stop short at the borders of grey or white matter so that. 
edge of the tumour coincided with the border of the thalamus (figs 3 
nd 4), This, however, was only observed where the infiltration was : 
nd the invaded structure was not yet destroyed. At a more adv: oo 
ge the tumour masses expanded irregularly but the border towards the 
ate nucleus at the vena terminalis was, ev en then, fairly well presery ed 
J There was a subependymal gliosis in othet parts of the ventricle 
ere there was no actual gliomatous tissue. In none of these cases were 
1e so-called “ vegetative ` ' nficlei of the hypothalamus invaded. Only in 
Case Sa small dorsal accessory part of the paraventricular nucleus lay w ithin 
1e marginal zone of the growth. | 
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rere IN THE LITERATURE. 






= Few cases in the earlier literature are described fully. Usually they a * 
tioned as “ Glioma of the thalamus ” or “ tumour of the third ventr 
lioma of the basal ganglia, ” and a anatomical diagnosis is bi 
_ Nevert heless an attempt was made to find similar clinical 
mical. feat ures in order to discover, if posts the typical feat 
cases. : gee of 
Mott (1898). remarked that tumours of the 3rd ventricle may b 
takenly diagnosed as “ general paresis.” Henneberg (1905) stated 
mours of the 3rd ventricle do not produce any focal symptoms 
marked mental disturbances of a variable character. Pfeifer (19 
is paper on psyc hic disturbances occurring in tumours of the T 
escribed three cases of glioma of the basal ganglia. Two of them wer 
fined to the thalamus, in one the corpus striatum was invaded and there 
was: adjacent softening. In all three cases there was a combination of 
— severe mental impairment and disturbance of the pupillary reflexes so tbat 
the picture was similar to that of general paresis. Pfeifer, from a study of 
86 cases of cerebral tumour, came to the conclusion that the mentalo | 
symptoms occurring in tumours of the basal ganglia were no local sign. 
© and only dominated the picture because of a lack of focal symptoms. 
_ Lewison and Alter (1923) described a case of glioma of the thalamus which 
did not show any focal symptoms. It was complicated by hemorrhagic ——__ 
-retinitis and optic neuritis which had led to amaurosis. The tumour ` ee 
protruded into the ventricle. Hoégner (1923) found disturbances of the — 
a _ pupillary reactions in 4 out of 20 alan tumours. He did not, however, 
‘mention the exact site of the growths. Seletzki (1927) described a tumour 
e thalamus with no — symptoms whatever. Alfred Meyer ( 1928) 
scribed. a glioma of the thalamus which corresponded conspicuously- : 
vith our “intrinsic” group. Both thalami were affected in their medial ` 
parts. The tumour expanded subependymally and in lateral direction. 
Meyer emphasized that at some levels it stopped short precisely at the 
lateral border of the thalamus. At posterior levels the field of Forel and — 
the body of Luys were infiltrated. The tuber was free. The tumour 
tended backwards to the pineal gland. The main clinical symptoms 
e: fixed pupils, in the first stage pyramidal symptoms, later the tendon- 
s were diminished, there was drowsiness and a lack of attention and 
rest. The patient’s intelligence, Shewever* was not impaired. Because 
-adiological evidence of aortitis a diagnosis of lues cerebri was made. _ 
Ody (1932) examined in Cushing’s clinic 25 cases of tumours affecting 
basal ganglia, and reached the conclusion that there were no focal. 

























































e e photog aph ofa ‘thalamic aie whie — showed — p 
ctly i in its mode of expansion with our < ‘intrinsic ” type of tumours. 
Foerster and Gagel { (1934) in describing® a Cyst. of the 3rd ventricle 
scussed the relation between the diencephalon and mid-brain and 
notional tone. According ` to them an antagonism exists between the two 
ions, for stimulation of the anterior part of the floor of the 3rd ventricle . 
ses excitement and euphoria whilst destruction leads to apathy and 
molence. Reverse effects are produced by stimulation of the posterior 
part of the floor of the 3rd ventricle and the quadrigeminal plate. | — 
More recently Riddoch (1936) described two cases of dementia which — 
-~ were caused by tumour of the 3rd ventricle. There was neither papillæ- 
dema nor increase of cerebrospinal fluid pressure, but hydrocephalus was 
severe and to this the dementia was attributed. In the case recorded by 
Mage and Scherer (1937) of a round-cell sarcoma which had a particular | 
— tendency to expansion round the 3rd ventricle, marked mental symptoms. 
without local signs dominated the picture for a long time. The authors 
emphasize the same regarding the cases in previous literature (Fried, 
~ Kornyey, Scheinker). 
In 1937 Baasch studied in Marburg’s institute a glioma of the thalamus, 
aqueduct and pineal region. The patient had presented a picture of apathy = 
with marked signs of internal hydrocephalus but no gross motor or sensory. 
disturbance. The growth occupied the dorsab and medial parts of both 
halami and was in its mode of expansion very similar to Meyer’s case and 
a to the present cases in Group II. The hypothalamus was unaffected. The 
mour had a characteristic relation to the ependyma, and in its develop- 
ent it showed a very varying appearance at different levels. Baasch — 
| distinguish five different types of growth each of which corresponded 
-distinct type of Bailey and Cushing's classification. The larges 
ed an appearance similar to that of diffuse ¢ gliomas of the pons 
), Because of its mode of expansion Baasch assumed that this gliom: 
E multicentric origin in the subependymal | matrix. Hasenjäger (1938) 
ined in Spatz’ laboratory 10 cases of glioma spreading along the 
icular walls. In one cross section of the brain she demonstrated two 
our J masses, one in the thalamus ahd | one. int e lateral ventricle which, _ 
we ver, were parts of the same tumour... Bes ides this large mass she 
served small neoplastic gra anulations in parts o of the ventricle, and there- _ 
she, too, came to the conclusion that these gliomas have a widespread 
icentrie "origin. 
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| hi is fully recognized that the essentially topographical nature of thi 
stigation. is iby: no means — from —— Peace ey 








“th , vey sof symptoms i in on to — site “of oF tumou 
formation of value. | 
In the accompanying table the 6 cases are grouped according l 
ther the medial or lateral regions of the thalamus were prim 
iffected by tumour and it is at once apparent that this patholo 
division coincides with certain striking differences in the clinical pictus 
z In Group I (Cases 1 and 2) the tumours had destroyed a large part o 
ateral and ventral regions of the thalamus and, clinically, gross sensory 
urbances were present from an early stage of the disease. These were 
of the type commonly encountered in thalamic lesions : ; the threshold for 
all ‘sensory stimuli was raised but the impairment of postural and dis- A 
; — criminatory sensibility was disproportionately great. The complete ce : 
_ thalamic syndrome was present in only one case (Case 1) and here the initial 
symptoms were unpleasant sensations of cold about the right elbow and 
hand. Despite a marked hypalgesia on the right trunk and limbs pin-prick 
-was peculiarly intolerable and this perverted response was widely diffused. 
The rarity with which the thalamic syndrome results from a neoplastic 
< -Jesion is widely recognized. Possibly the time factor is of importance and — — 
— it is perhaps significant that in Case | the duration of the disease waso ‘ 
__ relatively long. In this group the significant pathological finding was the 
‘more or less complete destruction of the ventrolateral part of the thalamus. 
lose histological examination made it plain that this region had been 
aded early in the disease. In this respect these two cases offered a 
triking contrast to the four in Group H for here the more medial part 
of the thalamus were most severely affected and it was evident that the 
tumour had spread into the lateral thalamic region at a comparatively Jate 
stage of the disease (fig. 7). Thus in Group H, whereas the ganglion cells f 
the region of the medial nuclei had entirely disappeared, the ganglion _ 
s in the lateral and ventral nuclei were still well preserved and, indeed, | 
laces the structure bf these nuclei was entirely normal. 
C 'linically i in none of these four cases were sensory disturbances among: 
initial symptoms and in two (Cages 5 dnd 6) they were completely _ 
nt, at any rate until the onset of the terminal coma. The absence or 
enificance of objective sensory disturbances in those cases in which the € 
olateral thalamic areas were intact, or at least invaded very late in Lo 








—“ 











































Joyes “UU Me oe 7 . (2) erSojdouijet 

sesyd fo rs azes piesľsdn . i -qdo „euog 

j “wouRyepp DABS | jo stsAjeaed pue | po mo -up dopao 
IED aaa NS -o1d pue Apen Heise pu ey Pal | | 43nosy} uasav — — 
° Ajava | 
Ara Ájqeqoid | | 
zes piemdn | 
Jo sisfyeavd pur | -aseydyeunpiay | - uovo | 
| Badop ropou | | yuasqy | ou} pun Haay. “Hop Fron | 


— Hinde piai weston paresan | PMN ARMENIA WATE EIA ANN NASR Fed aa ewe Mitre arian: EAEE AA: - - —E ——— — * 


| dAISsais 
-01d pur Apia 


manipa pn Seem AAE aneta 


euoys 
opreed] 


DADDAN ARE heap a Aa n eta CENA aaea a aa Ba 


e 


Ape. ‘Kigeaoxd = S60] “sis coed uone | wmo ogs 
priodophixogaN | Aosuas uusd aq. PS -9P pea yada ae . 


aatra eaaa; EaD E S 
; H 
t 


pue Ae. 


— —— Sien — e me 


_ Bixeye 
mq ssois ‘sisased fi) uoe | ewoys * p9 pose 
OF BAIG rwy WSS -Happ paR mepa | D'o E 


SAISsoI3 
-Oid pur Åen 


| 
— 
“po 
i 
į. 
| 
| 
J 
i 
i 
i 
t 
f 
= 
i 
l 
i 


—— — 


— BE IE EEIE EEI terreno enero 


INg APL E Je sso] ÁIOSUÐS {jea} onwejegjopns 
yasuo ur T eiaidopaxogau eke pee Speg | eſodnuon J ides “d 
famoip: 
Aas tuee) 
| aseys Ap E? — {Apae} 
yuasqy ws S: UE e pasid | sisosediuiazy 


| i . 
EMIODI’S 
Í 
[ 


PEER pelo ewmm a sarnasena» È Nairana — — —E—— —— FORE RETO ——— ——— — 


uolvaouansp 


F — 
f; ras F 
i suis v n f SURS Arasyeg - 
TOE > aa 3 et 90. — IRR SNe 
L 












‘UMOURS OF THE THALAMUS 











disease, — in striking contrast to the gross sensory symptoms. mi 
ith in those cases in which the tumour was primarily capsulo-thalami 
This contrast receives added interest from its bearing on the probabl 
anatomical equivalent of the thalamic syndrome. Since the origin; 













scription of this syadrome by Déjerine and Roussy (1906) it has been 
t uncommon to encounter relatively large thalamic lesions which, during 
>, gave no indication of their presence. Fhe absence of sensory loss in 
uch cases has always been puzzling for, until very recently, it was generally 
eved that. the fillet system ended in relation with the whole of the- 
amus and, therefore, it t seemed inexplicable that destruction of any 
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mic e regions. | Recent! — studies on” a connection of — 





mate thalamus ‘by Le Gros Clark ( 1932, "1935, 1938) and Earl Walker 
937) and the confirmatory experimental investigations of Dusser de 
nne and Sager (1937) have proved conclusively that the fillet system 
edial lemniscus, spinothalamic tract, quinto-thalamic tract) terminates 


Pd 





clusively in the ventral thalamic nucleus and that the medial nucleus 
t directly concerned with the mediation of impulses underlying sensat: 
these observations are true for man they afford a satisfactory explanation — 
or the integrity of sensation in those cases in which the ventrolateral part 
`of the thalamus is either intact or invaded so late in the disease that the 
Ue ate of sensory functions cannot be ascertained. 
ee “The presence of a greater or less degree of hemiparesis in the cases in 
wbich the tumour had invaded the internal capsule and its absence in the 
2 two cases (Cases 5 and 6) in which the tumour had affected predominantly 
‘the medial part of the thalamus are entirely consonant with the view put 
forward by Dejerine and Roussy that hemiparesis i is no part of the thalamic 
-syndrome and, when present, is indicative of, and strictly proportionate to 
the extent to which the internal capsule is affected. It is interesting to 
note that a marked inco-ordination was present in three of the cases and, = 
— on: the other hand, that there was no trace of inco-ordination in the tw 
cases (5 and 6) in which the tumour was predominantly medial in position. = 
The inco-ordination took the form of an action tremor and was entirely 
ndependent of visual control. In all three cases it appeared to be greater 
an could be accounted for by the weakness and sensor y loss, and in Case 3 
$0 g gross that cerebellar disease was suspected. Ataxia has always been P 
ded as — char ac teristic of the thalamic & Sy Re FOInc and it has often - 
























ers of ocular mov ement were present in five of the six cases here — 





‘Conjugate 1 movement. A — more a — 1S ‘ia : 
i a nterlere ence w vith the — — As Collier ee 


arial —— in ihe poster ior commissure, ane more e a 





| ok the posterior commissure and periaqueductial grey matter, have added 
— -experimental support to clinical observation. T he tumours in the present 


 Magoun et al. (1936), by electrical stimulation in monkeys of the region — 





| series of cases showed a marked tendency to extend caudally towards the — — 


-level of the posterior commissure and it is to this that the early ocular 
: p 


o palsies are attributed. These ocular disturbances are of considerable 


practical importance for unless their possible significance is borne in mind, 
relatively benign conditions such as neurosyphilis or encephalitis may be- 
— diagnosed and the more grave lesion overlooked. 
a _ With the exception of Case | mental deterioration was prominent in the _ 
cases studied and it becomes of some interest to inquire into the probable. : 
which determined its development. Attempts to relate mental 
— to specific regions of the brain have seldom proved satisfactory x 
umours in particular are generally unsuitable for such purposes. The 
i concomitant hydrocephalus which is usually present and vascular disturb- S 
ances and dislocation of cerebral tissue must often introduce factors the- 
— effects of which cannot be estimated. It is generally accepted that increas- 
ig apathy, confusion and finally coma are the common results of _ 
ogressive hydrocephalus but, in regard to the mental defects consequent — 
destruction of brain tissue per se, Symonds (1931) has expressed an 
ion, widely held, that mental deterioration is related to the total _ 
unt of white matter destroyed” rather «han to destruction of any 7 
icular region of the brain. For these reasons critical consideration of the : 
al state i in Cases 1, 2, 3 and 4 is valueless. The tumours were large and F 
ed to abnormally high intracranial pressure and ventricular dilatation. 























ribed and there are indeed — 





3 for 3 i part of the thalamus was 
£ oer ata oe stage of the disease. The absence of detectable sensory 
listurbances in these two cases has already been discussed but the reason 
for the. early and severe mental deterioration is by no means at once 
— obvious. In neither case was the type of mental deterioration particularly 
unusual or suggestive. It was characterized by De increasing 

inattention, forgetfulness and disorientation. One of the patients (Case 5) _ 










< rapidly developed a global dementia at a time when drowsiness was come =o- 







letely absent ; the other (Case 6) did not become quite so grossly demente 
ind here too there was no great evidence of abnormal drowsiness until: 





J pressure at all marked, indeed apart from complaints of occasional head- 
cache in Case 3 they were entirely. absent, and, finally, post-mortem 
—— examination disclosed a quite minor degree of ventricular dilatation. The 
— — frequency with which grave mental deterioration accompanies tumours in 
the region of the 3rd ventricle has already been. alluded to but, whatever 
-the cause of the dementia in many of these cases, neither ventricular dilata- 
‘tion nor massive destruction of white matter offers a reasonable explanation 
for its occurrence in Cases 5 and 6. It is therefore permissible to seek some 
more direct relationship between lesions of the medial part of the thalamus 
-cand the presence ofa severe degree of dementia. 
The observation of Le Gros Clark (1932), Le Gros Clark and Boggon — 
(1935), and Earl Walker (1937, 1938) are pertinent in this connection for 
_ they have brought forward convincing evidence that the medial thalamic 
- nucleus (n. dorso-medialis} projects exclusively to the granular frontal 
| cortex and, furthermore, — this same nucleus } is a connected — 





of hese tumours and heir cama it. seems necessary to ——— 
f e pathology of the intrinsie thalayaft g gliomas. | 
~ The isolation of well-defined — ‘of tum ul 






s based not so much on 
: 4 and mode of. expansion, has 
oved fruitful in ie © pathology af neopl asms in general and, more par- 












within a few hours of death. In neither were signs of increased intracranial 
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cipal r reasons — all caste ations have Beek based ce on. s the ne 
iology of the individual tumour cells. The cytology of the: nar 
: In Group. H may be, dismissed with brief reference. Al 
tomas in the broad sense of the term ; the tumour cells she 
E degree. of differentiation and malignancy both in different pat 
same tumour and in the several tumours themselves, In all four a 
ne tumours were intimately related to the lateral wall of the 3rd ven: 
hut in this region the cells were either differentiated astrocytes havin 
— rich fibre network, as in adult subependymal astrocytes, or more primi 
clongated cells with fewer processes or fibres. In neither case did they bear 
any resemblance to the primitive spongioblasts attached to the ependyma n 
-or to the cells of the primitive subependymal matrix. The appearance of 
the subependymal zones in these cases differed only in degree of develop- aS 
ment from the very small gliomas of the aqueduct which 
— Shelden et al. (1930) have described. This similarity is remark- 
-able because it indicates that the subependymal glia may actually 
be the point of origin of these gliomas. This conjecture- is 
-© reinforced when it is remembered that the mode of expansion of 
the tumours such as occurred in Group H and in similar cases reported in 
the literature (A. Meyer, Baasch, Hasenjager) showed, not only the peculiar 
attachment to the ventricular wall (which would cause no surprise: in 
me gliomas of the thalamus), but also expansion in the direction of the 
aqueduct, along the inferior horn of the lateral ventricle, and anterior to. 
veria terminalis towards the caudate nucleus. The most recent infiltra- 
ns were always found either in the lateral zones of the thalamus or in 
white matter of the hemisphere. A most interesting common factor imot 
all four cases was the complete integrity of the tuber. This does not, of 
-© course, imply that the hypothalamus as such is resistant to pliomatous a 
= growth. The invasion of this region is not uncommon in gliomas of other 
localizations (fornix, optic nerve) and, therefore, the integrity of the tuber 
ese cases of intrinsic thalamic glioma must be related to the nature of 
growths themselves. Opalski (1934) in his study on the normal 
ogy of the ventricfilar walls made an interesting observation in this 
ection when he pointed out that the subependymal glial layer is 
nally absent in the region of the tuber and the parav en ala nuclei. 
ere in the 3rd ventricle the subependymal glial layer is compara- 
‘thin but it is noteworthy that in the region of the thalamus the 
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; £ : tumour in te root of the mid. a ar 8 ae of * 
eral ventricle were of more recent ori gin.  Hasenjäger’ s observations of 
all subependymal nodules of tumour growth in various places indepen- P 
it from one another and the diffuse subependymal gliomatosis in our. 
ases 5 and 6 favour the view that these tumours are of diffuse or 
i ulticentric j subependymal origin. There is no resemblance bet e 
re cellular morphology of these tumours and the subependymal glom . 
— descrihed by Roussy and Oberling ( 1331) as occurring in tuberous sclerosis. 
-o ~ Another i important feature of the “ intrinsic” thalamic gliomas was the 
ee tendency, i in the early part of their life history, to be arrested at the mar gins 
of grey or white matter, and the same peculiar self-limitation was also 
So apparent 1 in the case reported by Alfred Meyer. This feature is, of course. 
not characteristic of the gliomas of the thalamus only ; it has been observed 
in gliomas elsewhere (Scherer, 1936) and in diffuse gliomatosis (Nevin, 

- 1938). In the present cases, however, it is regarded as important because, 

_ together with the degree of destruction and degeneration, it indicated the- 
mode of expansion. In all the four cases here reported and in similar cases 
reported in the literature, the tumour expanded from the neighbourhood 

of the ventricles in a lateral direction. From these several observations i yE 

-appears justifiable and useful to regard these four cases of intrinsic thalamic 

glioma as representing a distinct and well-defined type of intracranial 
growth. 










SUMMARY AND CONCLUSIONS. 












. Six cases of tumour affecting the thalamus (five gliomas and one 
ut rcoma) are described clinically and anatomically and are compared y 
milar CASES already reported. 
— halamic gliomas in a strict sense fall into a. well-defined 
| stologically they appear to take origin from the subependymal | glial 
er and hence they have primary relation to the medial areas of the 
amus, to. the caudate nucleus, roof of the mid-Brain, and to the walls of 
lateral ventricles. They invade, the brain in a lateral direction, and 
ve little or no tendency fo invade the region of the tuber. Clinically 
ey are characterized by the early onset of mental deterioration, and early 


onjugate ocular palsies. Objective sensory disturbances are absent or 



























pear only: ata late. stage of the disease. In the ea stage o £ 
velopment the ] presence of dementia and iridoplegia may readily: su 
mera} pee 3 < 





—— of these two groups may be ex 
"10C: mode of extension of the tumours: in growths i 
thalamus rom the ventrolateral aspect the secondary sensor 
d its termir on are destroyed first ; in intrinsic thalamic glioma 
-expand from tt e medial nuclei in a — direction the ventrolater 
A the thalamus are invaded late and incompletely. 
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RTICAL , DEAFNESS WITHOUT APHASIA. 
BY w. E LE GROS CLARK AND W. RITCHIE, RUSSELL. 






enue: on the ‘upper part of one temporal lobe usually pi i 
sturbance of hearing i in either ear. When, however, the audito 
of both cerebral hemispheres is diseased complete deafness may 
Cortical deafness, as this condition may be termed, is uncommon owin: 

h ome improbability of symmetrical lesions occurring in both. ter por 
es. Henschen (1918) collected sixteen cases of cortical deafness whi 
po that date had been reported with post mortem examination. Since 
Henschen’s s valuable paper, Bramwell (1927) and Misch (1928) have each 
reported a further case. The case we are here presenting is unlike other 
— _ recorded cases in that the lesions were both subcortical and were so limited — 
oo that there was no associated aphasia. — 














































Mrs. F., aged 44, was admitted, under Dr. Hewat's care, to the Edinburgh Royal 
Infirmary on April 9, 1937. The evening before admission, while sitting in a picture 
house, the patient had suddenly felt faint and vomited. At the same time she 
complained of pain in the right side of the head and of loss of power in the left arm. 
and leg. She became dazed, but never unconscious. There had been no previous 
Hinesses of note. i 
When examined on the day of admission, her face was flushed and she lay inac 
o dazed condition with her eyes closed. She was able, however, to answer questions —__ 
nsibly and indicated that she had pain in the right parietal region. Ophthal- 28 
scopic examination revealed no abnormality in the appearance of the optic disc: 
he retinal vessels. The visual fields were normal. The pupils were equal and. 
acted normally, The ocular movements were full and normal. There was no 
sensory loss over the face. The facial movements were much less on the left side 
than on the right. Hearing was good in both ears. The palate moved in the mid- 
line, but the tongue was protruded slightly to the left. No movement of the left. 
| är m was possible and only very slight movement of the left leg could be made: 
“Apart from some impairment of position sense in the left arm and left leg no sensory. 
ss was detected. The tendon reflexes of the left arm and left leg were more active 
anon the right side. The left plantar response was extensor, while the right was 
xor. The abdominal seflexes were all absent. There was retention of urine. The — 
ood-pressure was 160/90 mm., and the heart was slightly enlarged to the left. 
he aortic second sound was accentuated. The urine contained no albumin or 
gar. There was some vaginal discharge *which was found to be free of gonococci. 
he urea concentration range was: maximum 1-8 mg, per cent; minimum 6:2 mg. 
cent. The blood urea was 27 mg. per cent. The blood Wassermann reaction was 





































nt with theominal ad acyl t the © blood-pressure 1 te ded t to rise, a and « on ae 14) o 
‘was 212/132. ee 
econd stroke. —~On June 22, 1937, the patient became dazed, incoherent and 
. The breathing became sterterous, but she was not unconscious and could, 
rently, recognize people. There was incontinence of urine, but no paralysis 
observed, though the patient seemed to be rather | spastic.. No detailed particulars. 
he examination on this day are available, but it was noticed that she had some 
culty in speaking for a few hours. The ability to speak and to read correcth 
quickly returned, but it was soon observed that the patient was quite deaf. She ee 
was, therefore, sent back to the Royal Infirmary on June 28, 1937. 38 
| When examined on the day of re-admission. the patient had a healthy and 
ee — appearance, All efforts to make her hear were unsuccessful. She could, 
= however, read and write without difficulty, and could speak clearly and correctly 
in response to written questions. She had no difficulty in carrying out written 
instructions. In response to written questions she stated that six days previously 
-  * [was right enough until after 10 o'clock at night when I began to feel queer and 
“then I couldn't hear anything. ” She had been quite deaf ever since and had a 
A sensation of loss of feeling in the whole body. 
“Examination elicited that there was now an extensor plantar response on 1 both 
sides, whereas when previously in the ward this reflex was abnormal only on the 
left side. There were, however, no definite signs of weakness. or loss of sensation in 
the right side of the body. The weakness of the left side had largely passed off, 
_ but there was still great exaggeration of the tendon reflexes on the left side. Those. . 
of the right side were brisker than when previously examined. Examination of 
the cranial nerves elicited no abnormality. No loss of sensation to pain could be - 
, detected. 
oo “Phe above observations allowed the diagnosis of cortical deafness due to bilateral 
— — in the temporal lobes of the brain. Dr. I. Simson Hall kindly carried out 
the vestibular tests and reported as follows: -— 
The nasal septum is deviated slightly to the right, especially in its upper part ; 
are no abnormal secretions ; the airway is not obstructed. ‘Palatal movements 
nsation in the palate are. normal. The — is healthy. The vocal. 
move equally. | oe Mae 
Vestibular functions, -There is slight initial- spor taneous. ‘nystagmus r 
ut the movement is not preserved ; there is no-s taneous past-pointi ng erro 
ld caloric test.—-Right ear: Nystagmus in thirty-1 ve seconds, strong reaction; 
ition. of the head is very marked ; there is a normal past-pointing error. 
tear: N lystagmus in thirty-six seconds. Past-poingng with the left hand is 
; with the right hand there į is no error. Nystagmus is horizontal in character. 
patient gives: no response with any cochlear: fanction test ; she appears to be 
| in both: ears. ad e 
ng hough: the deafness remained complete, the general condition of 
tient improved and she learned to lip-read a little. She was able to walk 
hout much difficulty when she returned home on August 6, 1937 : - 
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The patient. — as an out-patient on three occasions during the five maith: 
“which followed, the last occasion being on january 12, 1938. During this period. _ 
her condition underwent little change. Her husband aia she was easily startled, 
and there were a few attacks of violent excitement during which several people were .. 
quired to restrain her movements. Her ability to read, write and speak correctly 
demonstrated repeatedly. Her memory was good, both for recent É 
emote events. A name address and flower were correctly repeated 
patient | five minutes after reading them, The day was given correct 1 
ubtraction was done quite well. When asked if she had pain in her 
d “ no, it-isn’t a pain, it seems to be a heavy pressing feeling.” She said sh 
as unable to hear herself talking, and that there was no improvement in her hearing 
except that on two occasions she heard a bicycle bell and an alarm clock : she : 
thought she had once heard some loud singing. 
| The tendon reflexes remained brisker on the left side than on the right, ‘and 
-othe left plantar reflex remained extensor in type. The right plantar response was 
indefinite. The patient could walk quite well with a stick, but complained that she 
; could not feel the ground with her feet. She also remarked “I can't feel in my a a 
— _ body.” The exact nature of this sensory disturbance was not ascertained, é — 
-Arrangements were made for her re-admission to the ward for further study, 
: u the excitement of leaving home seemed to bring on a pontine hemorrhage from 
— which she died a few hours after admission on January 22, 1938. 
: , x _. Post-mortem examination was carried out twelve hours — death by Dr. I. G. W: 
— Hill who kindly supplied the following report: -— 

“General Appearances: -The body was that of a well developed, well nourished 
female of middle age. Post-mortem lividity and rigidity present. Serous sacs, 
pericardial and peritoneal sacs healthy. Pleural sacs: The right showed extensive 
adhesions binding the right lung to the thoracic wall, which could be divided only 
with difficulty and were apparently of long standing. The left sac was healthy. 

Respiratory system: Larynx, trachea and bronchi contained a slight excess of muco- 
purulent secretion, and the mucosa of the trachea was moderately congested. Lungs. 
of average shape and size, but heavy in consistence and dark red in colour. On 
section, they were seen to be the seat of marked congestion and oedema, particularly at 
their bases. Circulatory system: heart of average size and weighed 350 grm. The 
cavity of the right ventricle was somewhat dilated ; that of the left ventricle was 
rmal. There was slight thickening of the muscle of the left ventricle. The endo- a 
cardium throughout was healthy. The muscle was of a rich brown colour. Coronary l 
vessels healthy, Aorta free from gross atheromatous change. 

Alimentary system: (Œsophagus, stomach and intestines healthy. Liver of 
average size, shape and consistence: it was of a rich brown colour and ‘presented no 
< abnormality on section. Gall bladder: bile-ducts and pancreas healthy. Spleen 

0 nsiderably enlarged and weighed 280 grm. It was very soft and, on section, 

wish red and diffluent. The appearances were those of reaction to an acute 

tion, Genito-urinary system: . kidneys were somewhat reduced in size and 
ed approximately 120 grm. each. They were smooth in outline and somewhat 
agested in appearance. On section, they showed, no obvious pathological change. 
apsules stripped readily, leaving smogth, congested surfaces. Microscopically, 
kidneys showed no signs of chronic nephritis or of degeneration secondary to. 
cular disease. Suprarenals healthy. Uterus and appendages: the uterus was 
derately enlarged, due to an increase in thickness of the wall. There was no. 




















































Phe ovaries were norm 

nd: weighed 45 grm 0 

| oD ‘ampbell for the following report): “ The 

: ‘calvarium was ‘thick and bins y- The dura was norm y adherent to it. The middle 
“ear cavities were healthy, The brain showed consid: erable gyral flattening of both 
hemispheres, and marked cerebellar coning. The pons appeared symmetrically 
ghtly enlarged, and on its left ventro-lateral aspect Was a haemorrhagic area where 
_. the underlying substance was softened. Apart from the gyral flattening there was 
ob no visible external abnormality of the cerebral hemispheres. The leptomeninges 
_ were healthy. The basal arteries were transparent and thin, and surprisingly free 

- from atheroma. On section: In each hemisphere an irregular slit-shaped cyst was 
















_- found deep to the insular cortex: that on the right was the larger; but on both 





sides the external capsule and claustrum were largely destroyed, with a varying ` : 





amount of the putamen. On both sides the lesion extended backwards to the level nae 





of the pulvinar, and forwards almost to the stem of the sylvian fissure. On each side 
the acoustic radiation appeared completely transected by the lesion’ On the right 
“side the lesion encroached on the lateral surface of the internal capsule in its post- 
lenticular part. The cortex was not involved on either side. Both these cysts had 
-an irregular tough brown-pigmented wall, and the immediately surrounding brain 
tissue was of spongy consistence: i.e. they were obviously old ischamic necroses. 
¿Jt was not possible to say which was the older. A mass of fresh blood-clot was 
-found infiltrating and replacing brain tissue in the left side of the pons and mid- 
“brain, extending upwards into and largely destroying the left cerebral peduncle, the 
lower part of the left internal capsule and the adjacent ventral part of the left 
thalamus, including both left geniculate bodies ; obviously an apoplectic haemorrhage 
of very recent occurrence.” The brain was sent to Oxford where the further 
examination was carried out by one of us (W. E. le G. C.). 


Gross EXAMINATION OF THE RAIN 

Section of the brain revealed an extensive recent hamorrhage = the pontine 
-region of the bind-brain, the cause of the patient’ s death on January 22, 1938. The 
hemorrhage was situated in the dorsal region of the left side of the pons, extending 
up into the centre of the left cerebellar hemisphere, into the tegmental region of 
-the left side of the mid-brain, and also into the ventral half of the left thalamus 
: volving here the ventral thalamic nucleus and the pulvinar. The 4th ventricle was 
Hed with recent clot. The 3rd and lateral ventricles were normal except for a 
ry moderate distension. 2 
In the cerebral hemispheres, the sites of the lesions associated with the stri 
















ned) are marked by a> bilaterally symmetrical cavitation in the external 
le. The cavities are lined by a yellow membrane which was found histologically 
ntain abundant macrophages filled with granules of blood pigment. On each 
the cavity corresponds almost exactly in its extent wifh the cortex of the insula 
s. 1 & 2). Rostrally (fig. 2a), it is limited to the white matter of the ventral half 
he external, capsule betweenethe legtiform nucleus and the claustrum. In the 
iddle of its extent (fig. 2b) it is broader, involving the. greater part of the claustrum 
ept for its dorsal extremity, and the ventro-lateral part of the putamen of the 
orm nucleus. At its caudal extremity (fig. 2c}, which corresponds closely in 
el with the caudal limit of the insula, the lesion is again confined to the white 













1 accurred on April 9 and June 22, 1937 (as the result of which cortical deaf ess 3 





Fic. 1.—Transverse section of the fresh brain showing the bilateral lesions in the 
external capsule. 





Fic. 2.—Tracings of transverse sections ghrougk the right cerebral hemisphere at 
the level of (a) the anterior extremity, (b) the middle, and (c) the posterior extremity 
of the lesion in the external capsule. Note that the lesion involves only the ventro- 
lateral portion of the putamen of the lentiform nucleus, while the globus pallidus 
remains intact. x 1⁄4. ° 
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matter, From the position of the lesion, as shown on macroscopical examination, 
it is clear that practically the whole of the insular cortex has been isolated from 
the region of the internal capsule by the interruption of projection fibres. It also 
appears that the fibres of the auditory radiations which pass to the upper surface 
of the middle third of the superior temporal gyrus have been interrupted. The 
experimental work of Poliak (1932) has shown that these radiations reach the cortex 
partly by coursing immediately ventral to the lentiform nucleus, and partly by 
penetrating its ventral part. Lastly, the dorsal margin of the lesion reaches a 
position where it is likely to have interrupted some of the projection fibres related 
to the ventral extremities of the central convolutions. It is clear that the lesions 
in the external capsules must have been the result of a bilateral thrombosis of the 
most laterally situated of the basal branches of the middle cerebral artery. 
Histological examination.—Owing to the damage done to the thalamus on the 
left side of the brain by the hemorrhage which occurred just before death, 
histological studies were confined to the right side. Sections through the site of 
the lesion were prepared by the Weigert-Pal method, and others were stained with 





Fic. 3.—Transverse section through the middle of the lesion in the right cerebral 
hemisphere stained by the Weigert-Pal method. Natural size. 


toluidin blue. Serial transverse sections were also made through the caudal half 
of the thalamus and stained with toluidin blue in order to study the cellular degenera- 
tion related to the lesion in the external capsule. 

Weigert sections (fig. 3) confirm the infcrences drawn from the macroscopic 
appearance of the lesion in regard to the involvement of projection fibre systems. 
The myelo-architecture of the insular and temporal cortex appears to be normal. 
The fact that the greater part of the claustrum has been involved by the lesion bears 
out the contention of Shellshear (1920) (as opposed to the statements of Duret and 
Beevor) that this element is partly vascularised by basal arteries and not entirely by 
deep cortical vessels which penetrate the island of Reil from the surface. On the 
other hand, the persistence of a subcortical layer of white matter beneath the island 
of Reil (capsula externa) is in accordance with the experimental demonstration that 
cortical vessels supply the subcortical medulla in so far gs the latter is composed 
predominantly of fibres connecting with the corresponding area of the cortex 
(Sunderland, 1938), 

While the Weigert sections gfve no thidication of the extent of the cortex in the 
middle third of the superior temporal convolution whose fibres have been interrupted 
' by the lesion, the toluidin blue material does provide evidence on this point, since 
the track of the degenerated fibres is marked out by a zone of gliosis (fig. 4a). From 
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this it appears that only the fibres passing to the upper surface of the cortex have 
been involved. Since the lesion resulted in complete cortical deafness, it may be 
assumed therefore that the audito-sensory area is confined to the upper submerged 
surface of the middle third of the superior temporal convolution (i.e. the transverse 
gyri of Heschl). The auditory projection area of the medial geniculate body thus 


y ay 





Fic. 4.—Transverse section through the lower margin of the lesion on the right 
side, stained with toluidin blue. Note the zone of gliosis (a) which marks the track 
of degencrated fibres of the auditory radiations passing to the upper surface of the 
superior temporal gyrus, and the small area of hemorrhage (b) which affects the 
internal granular layer of cortex at the junction of the lower margin of the island 
of Reil with the superior temporal gyrus, 


oe 
appears to be considerably more limited than some of the older neurologists 
supposed. Dejerine, for example, believed that thg auditory radiations end in the 
whole of the superior temporal convolution, while, according to v. Monakow, they 
extend also to the second temporal convolution, However, recent experimental work 
on monkeys has demonstrated how small relatively the auditory area is in the 
Primate brain (Clark, 1936: Walker, 1937). 











gral — layer’ of the cortex x (fig. 4). T he — ies j “have completely dappeisd 
andare replaced by a a proliferation of small blood-vessels and numerous macrophages 
filled with blood pigment. This can only be due to minute hzemorrhages involving 
«the branches of the cortical vessels which supply the internal granular layer in this 
a region, probably as a secondary result of the haemorrhage in the external capsule. 
t is interesting to note, however, that the cortical lesion is confined to the one layer, 
for the cells of the supra- and infra-granular layers are normal. A marked con- 
B gestion of all the cortical vessels in this zone, however, is evident. 













The serial sections through the thalamus show some interesting — The 


medial geniculate body is completely degenerated: its cells have all disappeared and - 
e are replaced by a conspicuous gliosis. Moreover, all the elements of the nucleus 

have been involved, including the large cells in the. derso-medial region which are — 
sometimes included under the term nucleus supra-geniculatus. The lateral genicu- 
late body appears to be normal ; if there is any cell atrophy in this element, it is too 
scattered and insignificant to be detected. Cell degeneration has also occurred in 
the small intergeniculate nucleus (between the medial and lateral geniculate bodies), 
in the most ventral portion of the pars externa and pars arcuata of the ventral nucleus, 
and, to a limited extent, in the lateral and central areas of the pulvinar. On the 
other hand, the cyto-architecture of the posterior projecting pole of the pulvinar 
is normal, and this is also the case with the lateral nucleus of the thalamus, the . 
large medial (dorso-medial) nucleus, the parafascicular nucleus, and the greater part 

| of the ventral nucleus, 

From the point of view of the cortical connections of the thalamus, perhaps 
the most interesting observation is the almost total degeneration of the centre median 
nucleus. Its cells have completely disappeared except for an insignificant number 
at its medial extremity, and the space which it normally occupies is marked: out. by 
an area of gliosis sharply circumscribed above and laterally by normal cells of the 
medial and ventral nuclei and medially bv the parafascicular nucleus. This effect 
-of the lesion will be considered in another paper. 


CONCLUSIONS. 

The symmetrical vascular lesions in the external capsules have neatly 
isolated on either side the insular cortex, and the submerged cortex of the 
-upper surface of the middle third of the superior temporal convolution. “ 
ddition a small proportion of the projection fibres connected w 











relation to these cortical lesions, an examination of the thalamus shows 

als mplete cell degeneration in the medial geniculate body, the inter- 

ae ~ geniculate nucleus, and the centre median nucleus. There is also a partial 

cell degeneration in the most ventraleportion of the ventral nucleus and in 

al -the base of the pulvi inar. The “complete degeneration of the medial 

4 eniculate body i is related to the cortical deafness which h supervened when 
he vascular lesion i in the external capsules occurred. 
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ower extremities of the central conv olutions was probably involved. n o 
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CEREBRAL SUBCORTICAL MYELINOPATHY IN CARBON 





MOD OXIDE POISONING. 
| ByY Y. K. HSU 
(Division of Neuropsychiatry, Department of Medicine, Pe iping Union Medical 
r C ollege) | : E 


AND Y. L. CH'ENG 
(National Central University, Nanking, China). 


BuaArERal. softening of the anterior part a the globus pallidus has — e 
ee -regarded as pathognomonic of carbon monoxide poisoning and used even 
-= for medicolegal purposes. The other acute and chronic changes in the brain 
described, though not so regular and typical, are thickening of the 
- meninges, oedema, hyperemia, miliary hemorrhages, arteriosclerosis, 
-| endarteritis, thrombosis, embolism, softenings in the cerebral cortex, cornu 
| Ammonis, zona reticularis of the substantia nigra and cerebellum, degenera- 
- tive proliferative changes in the medulla, profuse glial proliferation and 
patches of demyelinization in the deeper cerebral white substance, cell 
_ destruction in the anterior horns of the spinal cord, and neuritis of the 
peripheral nerves. Compared with the extensive discussion of the pathology 
of the basal lesions, the diffuse reaction in the deeper white substance has 
been reported relatively seldom. Sayers and Davenport (1930) made a very 
thorough review of the literature up to 1930. Thereafter the scattered 
* reports of various authors added few new ideas, but tended rather to favour 
multiple factors of the pathogenesis of this malady. In brief the various 
eories — be mentioned andert the —— as aire (1) eect y action eae 














mical T affinty c Pa certain n parts of the ai 

nd O. (1922); (3) anoxemia (Strecker, Taft and ider- 
916), Haldane (1895), Beck (1936), Walters (1927), Haggard (1922), fa 

— Schrenk, Patt and a ( — ) organic changes of 
di ma, a ill and — — 





*0 a mile for peste art — Gordon, —* and Margolies ; 
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the tissue was excluded ve the experiment of eed (1922), nthe = 
y of anoxzemia was supplemented by Mathews (1920), Lewin. at : 
ers and Davenport (1930)), Stadie and Martin (1925-26), Warburg 
Keilin (1928-29), Campbell (1929-30), and others, and doubted by” 
pert (quoted by Stewart (1920)), and others. The theory of specia 
10clisis can neither explain the frequent involvement of- the 3 
neighbouring internal capsule nor that of the distant parts of the nervous 
< system, nor the particular selection of the anterior portion of the pallidum, 
nor the similar symmetrical lesions of a totally different ætiology (Weimann - | 
oe (1926), and Rotter (1929), nor the absence of permanent lesions in chronic 
oe carbon monoxide poisoning (Grinker (1925) and (1926)). Similarly the idea- — 
: o local anatomical anomaly is inadequate, though it explains better the 
— -particular affection of the anterior portion of the pallidum. The organic 
changes of the blood-vessels cannot be demonstrated constantly. The theory 
of functional disturbances of the blood circulation seems very sound, but 
again it fails to answer the question of predilection of the lesions for the : 
basal ganglia. Since none of the individual hypotheses is without defect, 
a multiple view-point would naturally arouse the sympathy of most 
advocates. At present the most acceptable view 1s that which invokes the 
physiological factors of anoxzmia, and of vascular disturbance, and the 
-anatomical factor of peculiar blood supply. 

Ima small series of three cases with autopsies observed here, one showed 
— bilateral hæmorrhagic softening in the globus pallidus with no 
a _ significant changes in the white matter, and two presented diffuse changes < 
in the deeper cerebral white substance, one of which was under the care of- 
— 8. Yang, of Hsiang Ya Medical College, Hunan. Since two of three — 
cases show a pathological picture which is not of the ordinary type, we ‘feel — 

jt worth while to a them here. | 













Case 1.—Male, aged 40. Early in the morning, eight days before admission, _ 
J e patient, a perfectly healthy man, was found lying unconscious in a cave just 
ront of a big stove. Consciousness returned twenty-four hours later and bhe 
med his sual activity, attending the stove for the next four days without any 
atom. From the sixth day on he suddenly became excited and restless and l 
d much odd behaviour. His speech was slurred and his upper extremities _ 
ulous. Very soon he became semicdnscious apd showed a generalized rigidity. 
tered no words, took no food or drink by himself, voided and defacated on- 
d without control. On admission he was found to be in a drowsy state with 
idence of moderate dehydration. His eyes remained closed most of the time 
t could he opened in response to stimulus. „He refused to reply to any question. 














; were held in i 
at that they returned — 













on was release To. open es — was im sible. There was constant 
; ofus se perspiration över th € face, The tendon refle xes: were als increased on 
t sides. The abdominal reflexes were “not © obtained. No clenus or 
ski sign. could be demonstrated. The pupils, were active to light. The fundi 
ved mild papilloedema, Hearing seemed not to be seriously affected, if at all. 
bility to pin-prick | ‘Was preserved throughout the whole body. Sudden jerky 































ements of the eyelids, nose and mouth were frequently. noticed. Further neuro- 
hiatric examination could not be made. The chest and abdomen were essentially 









rmal, The body te perature, pulse, respiration and blood-pressure were all within 
oal limits. = xamination of the blood, rine, stool and cerebrospinal fluid gave _ 
i Ae Wa assermann reaction: 1 of both — and —— lp 

















os oot re for a -nine lage he. aoe gee no change in 
Bes his general condition. Hypodermic injections of atropine and electrolysis with 
o magnesium chloride over the orbits produced» no persistent influence upon the 
generalized rigidity. After discharge his’ condition became steadily worse and he 
died quietly about four months after the poisoning. 
© The body was immediately embalmed following death by injection of formalin 
opto: the femoral artery and the cisterna magna. Autopsy was done four months 
| later. 
fhe brain and the spinal cord were well fixed and normal in shape, size and 
consistency. The brain showed a diffuse shrinkage of the gyri. The meninges 
= were thin and free from exudate and hemorrhage. The pial and basal vessels 
< showed no abnormality. Frontal sections revealed congestion of all the small blood- 
2 vessels. The caudal part of the thalamus on both sides and the interpeduncular 
— region. of the mesencephalon were of a slight darkish brown colour. The ventricles 
` were not dilated. There was no haemorrhage or thrombosis throughout. The spinal 
cord. was essentially normal, 
The histological —— were confined princip 











to the cerebral white matter, 
i he anterior commissure. A 
3 ne eee ” glia and- a moderate amount of “gitter” cells 
ypertrophied microglia ¢ (red telly were noticed — the deeper cerebgal 


ally 





















The | —— ” glia lay E next to the vesse 
-cells tended to be situated in an outer zone; and the rod cells were 
ed at the periphery. Some of the blood-vessels showed deposition of greenish 
nts on their walls. 

Imeyer’s myelin-sheath method revealed in the deeper white matter con- 
patches of demyelinization with swelling of the sheaths and the formation 
ls (fig. 2). The U-fibres wewe intact, “The Scharlach R stain showed numerous 
d globules arranged in a similar’ manner which appeared. bright red at the . 
e and brownish yellow or orange at the periphery (fig. 3). However, a clear- 
relationship to the blood- vessels could not be demonstrated by either of these 
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To illustrate article by F. K. Han and Y. L. Cleng. 














—— a to the pe and the pro- 
The meninges were eae There was no 














> glia in 


— : cn s striatum 
apsules, and anterior — En 


Thes 





oe around — in i white ı matter near the — * me — nue 
The special stains for myelin sheaths, fat, glial fibres and axis cylinders reveal 
similar pictune to that of the cerebral white substance. A tiny glial scar compo ed 
“of “gitter ” cells, fibroblasts. and glial fibres was noticed at the inner border of the 
vallidum just adjacent to the internal capsule. No such lesion could be demon- 
trated in the corresponding right pallidum, The ganglia cells, except in the scar, 
were rather well preserved. The blood-vessels, especially in the caudate nucleons, — 
oe showed slight lymphocytic infiltration of the adventitia. — 

‘The cerebellar white substance showed changes similar to those in the cerebrum, — 
but they were much less marked than the latter. aus 

`The thalamus, inevennephalon, pons; medulla oblongata and spinal cord were- 
z: essentially normal, 
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Case 2. Male, aged 49. After sleeping one night in a closed room with a 
stove, the patient was discovered unconscious the next morning. Muscle-tone was 
increased, particularly in the right upper extremity. The condition gradually 
improved so that two days later he regained consciousness. Some rales were heard 
es the tung bases... ‘While. the general condition showed no change, there war = 

finite evidence of extension. of a pheumonic process in the left chest one week 

Je suddenly ery ill and drowsy after another week and | 
Se Fine lings by this time suggested empyema of 
Ided. thin pus from which the pheumococcus was 
ine and fæces set in and muscle-tone was further 
di cture yielded essentially normal cerebrospinal fluid. Follew- 
ing a short — of F dligh mprovement the patient. became: much worse and died — 
four weeks after the accident. | $ 

The post-mortem examination was Hmi: to the brain, The brain —— 
normal in shape, size and consistency. The meninges were slightly congested and 
showed a few small specks of thickening. The basal arteries showed no evidence 
f atheromatous changes. Frontal. sections revealed slight. congestion of the small 
loa vessels, but were othgrwise not remarkable. The globus pallidus on either 
oked normal, The ventricles were not dilated. There was no gross hamor- 
rhage or thrombosis. , t 
a hroughout the entire cerebral cortex "frem the frontal to the occipital poles 
ren: ive — were seen in | the: white matter, Only a narrow zone Pile: 


















































E ie o of Gon a spaces, somë m 


© many of the 
-o Ħolzer’s stain the fibrous astrocytes could be easi 


: globus pallidus and all the white substance, including 


lesions are principalh ly the same as in theirs, b b 
< softening i in the pallidum is of extraordinar 
-with Meyer’s s observations that the same md 

o matter may take place both,in humdh cases and i in animals. Obviously one 


s post-mortem examination, 


plia ar and“ — * fi 











ere » filled with — 
phagocytes, The vascular endothelium was, ho : horinal, 

With Scharlach R stain, diffusely scattered fa i 
no special reference to the blood- vessels, With Sp * 
“ gitter ” cells contained granules stal ned with ‘Teneo lin and the 
picture was very uneven, with irregular thinning ‘of the myelin sheaths, With 
demonstrated (fig. 6). 
evealed similar changes in the. 

ng the internal and external — 

capsules, fornix and anterior commisure. They were most marked in the internal. — 
capsule, less in the fornix and pallidum, and least. in the external capsule ando 
anterior commissure, Small fresh perivascular haemorrhages were seen in the 
corpus striatum. : 

The cerebellum showed exactly the same change in the white matter as did 
the cerebrum. 

A similar but less pronounced proliferation of glia cells was shown in the 








Section of the anterior part of the basal gangli 





pes pedunculi, particularly the regions adjacent to the substantia nigra and the 


medial and lateral portions of the pes. 

The meninges over the cerebral cortex were in places slightly thickened and 
infiltrated with a few large mononuclear cells, The pial vessels were normal. The 
small blood-vessels.in the cortical grey layers. were engorged, but otherwise not 


remarkable. The ganglion cells throughout the brain appear to be preserved. There 


was no evidence of inflammatory changes. 
The pons and medulla oblongata showed no findings of significance. 


DISCUSSION., 


In regard to the diffuse reaction in the deeper cerebral white substance 
caused by carbon monoxide poisoning, the observations of Hiler (1924), 
Grinker (1925, 1926 and 1934), Meyer (1928), Stewart (1920), Strecker, Taft, 


< and Willey (1927), and Yant, Chornyak, Schrenk, Patty and Sayers (1934), 
deserve special consideration. It is, in fact, not so rare as reported and ought 
0 be considered by no means less pathognomonic than bilateral softenir ! 
Ses | the globus pallidus. Ordinarily such a process | is concomitant with 
: basal lesions and it is generally believed to be de 1 


















€ to: a severe alte ation in 
linopathy. In our cases the 
the absence of symmetrical 
interest. This is in accord 
pendent change in the white 





yelin which was labelled by Grinker as. m 








should keep in mind the fact “that affection of the pallidum is not 
necessary, in order not to miss recognition of the. disease at the time of 



















CARBON MONOXIDE POISONING 389 — 





SUBCORTICAL MYELINOPATHY I! 
E As to the pathogenesis of the outstanding changes in the central nervous 
- system the view of Grinker seemed to be the most adequate so far. He- 
] eved that carbon monoxide causes anoxæmia, and that vascular paralysis 
ders the anterior pallidum: with its peculiar blood supply and the deeper 
matter with its meagre capillary network relatively suscept > to: 
uction. But how does, this explain those cases with independ 
nges, either in the basal ganglia, or in the white matter? How | 
ation of distribution related to the duration of disease, the sever y 
voisoning, the personal susceptibility to the gas and the pre-existen eo 
-abnormalities in the brain ? To these questions no one can as yet fe 
late a definite answer. From our present observation we can postulat 
possible mechanisms by which the degeneration of the white matter ma’ 
<- occur. In case of an indirect effect of the poison through the disturbance of 
_ the circulation we should expect to find foci of necrosis in distinct relation- US 
: ao ship to certain vessels, or a more pronounced degree of degeneration in the- - 
oe -district of a particular blood supply. In our preparations lesions of sucha 
hature are absent. Then we have to think of a direct effect of the poison 
on the white substance in which case we should naturally expect to see a oe 
more or less immediate and diffuse reaction of the same age in the different 
-parts of the nervous system. In contrast to Meyer’s findings our cases show | 
more of the nature of a direct toxic action to the white matter, either by - 
the poison itself or by its anoxemic effect. This being so, the metabolism 
of the nerve fibres or myelin sheaths is deranged and their nutrition becomes 
inadequate leading eventually to progressive degeneration of their structure, 
_..... In our first case the tiny glial scar in one pallidum certainly suggests the 
- existence of a previous small necrosis. It is, however, only one-sided. The = 
culiar change in the ganglion cells is not unlike that described by Merritt — 
id Springlova a (1932), in Lissauer’s dementia paralytica and by Williams | 
935), in all kinds of degenerative changes in the subcortical white matter, — 
“| Perhaps i it did not result directly from the carbon monoxide poisoning, but in 
it suggests an axonal reaction secondary to the lesions in the white matter. 
This is also the opinion of Williams. The infiltration of the adventitia of 
_ the vessels in the corpus striatum strongly suggests a symptomatic process. 
- In our second case, the significance of fresh diapedesis in the corpus 
riatum should not be overemphasized. It is very unlikely that it is a sign 
hemorrhagic softeming. 
© Clinically these two cases belong to the so-called relapsing type; that 
secondary changes appetred after recovery from the initial disturbances — 
eck (1936), Borman (1926), Dancey and Reed (1936), and McConnell and 
Her l 1912) The interval of freedom is apparently due to the slov 
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í white 1 matter i in ‘respect ak thé cai sy i — — to the basal — 
1 respect of the general rigidity (Strecker, Taft and Willey (1927), Meyer 
28), Stewart (1920), Gordon, Taylor and Margolies (1932), Grinker (1925, 
926 and 1934), and Dancey and Reed (1936)). From our observations it 
seems that both the neurological and the- psychic symptoms can be 
accounted for by the severance of the connecting fibres between the cere; · 
hral cortex and the centres at a lower level, The absence of mental = 
-qanifestations in our second case and the partial recovery from neuro- : a 
psychiatric symptoms in Borman’s (1926). suggest strongly that there is a ee 
dack of strict correlation between the appearance of mental disorder and the 
~~ extent of anatomical lesions in the brain. The former seems to be related 
hore closely to the individual constitution than to the duration of the 
disease and severity of the damage. 
Since the fine lesions in carbon monoxide poisoning are often multiple 
and diffuse and may attack any portion of the nervous system, the - 
symptoms may simulate many nervous and mental diseases (Beck (1936), 
Gordon, Taylor and Margolies (1932), Hassin (1933), Dancey and Reed 
(1936), and Wolff (1926-27)). Although pictures of catatonia and Parkin- 
sonism are encountered more frequently than other syndromes, yet the 
-finding of a diffuse reaction in the deeper white matter is of no less signifi- _ 
cance than that of basal lesions. 








SUMMARY. 







— A) Two “ relapsing ” cases of carbon monoxide poisoning with post- 
mortem examinations are reported. | 
(2): One patient presented symptoms of catatonia and Dart aeons and 
four: months ; after the ee The other — — ine 





















— — was no ie D of the nea vallidus, 
(4) A direct influence of the poison, or its anoxemic effect on the 
ar ous tissue, is emphasized ¿ as an oustanding. pathogenetic factor for our 
in addition to the acceptance’ “of Grinker’s view. 

(5) The discrepancy between the s symptomatology and the extensive- 
s of the lesions is worthy of note. | 
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rontal section Aone increase Sof fibrous astrocytes: in the — 


matter, z Holzer’ s stain x 295. 











OLF ACTORY ALLOÆSTHESIA. 
BY JOHN D. SPILLANE. 












URING he course of investigations of olfactory function. i 
t nours, using ‘the method recently described by Elsberg (1935). 
ae repeatedly observed that certain patients referred an odour injected 
one nostril to that of the opposite side and failed to detect the odour o! 
-side of injection. At first glance such a phenomenon might appear to be 
little significance, merely suggesting a crossing of the stream of odour 
the nasal passages or nasopharynx. However, special attention to the 
‘occurrence suggested that such was probably not the explanation. In this 
paper these observations are recorded and an explanation offered for the 
phenomenon: 
The apparatus used and the principles on which tests of olfactory: 
— function were made have been fully described in previous. papers (Elsber g, 
_ Brewer and Levy, 1935 and 1936) and only a short summary of the method 
will here be given. 
Two tests are made: the blast injection and the stream injection tests. 
The former is made on the principle of the injection of a known volume of = 
i odour i into one nostril during a period of voluntary apnwa. The apparatus _ = 
msists of a test bottle of fixed size containing a known quantity of odorous 
ance (coffee or citral) and fixed with an inlet and an outlet tube. A 
n volume of air is injected into the bottle from a syringe and released 
| one nostril during a period of voluntary apnoea. The number of ew . 
-of odour that have to be. released into one nostril in order that the odour 
“be identified is termed the minimum identifiable odour (M.LO.). The | 
stream injection is used for the study of olfactory fatigue. A stream of = 
air of known rate is passed from a tank of compressed air through the test 
ttle and thence to the nostril. Blast injections of the M.LO. are then | 
ade into that nostril at thirty-second intervals, and the time that elapses : 
re the odour is again identified is measured. | 
In twelve out of some ninety-two cases of suspected brain tumour 
amined by these methods, it has been observed that for a short period 
ving the stream injection into one nostril, subsequent blast injections _ 


































Commonwealth Fund F ellow at the Neagle ney Institute of New York City. 














| ansference pe nee 
— In each — 









a stream injecti on into that nostril, wer —— dented | as 
ing from the left nostril ; but all odours injected into the left nostril, 
vefore and after a stream injection into that nostril, were readily localized 
nat | side. ‘The observ ations made on the twelve patients are summarized | 
n what follows. a 
. (1) In three of the N cases transference of odk was found on 
eet) mple blast i injections before the nostril on that side had been subjectec 
— to the stream injection. 3 _ 
ae (2) In a few instances, a doubtful case of transference before fatiguing 
— the unilateral stream injection, was converted into a well-marked 
aS -phenomenon by administerin g the stream injection. 
~ (3) In some instances the odour was correctly lateralized if, instead of — 
oe blast injections of the M.LO. being made, larger quantities were used, 
<- Thus, when a blast injection of the threshold stimulus, say of 8 c.c., was 
_ appreciated in the other nostril, an injection of 30 c.c, could be detected — 
on the correct side. 
(4) The phenomenon persisted for several minutes following the stream 
injection. In the majority of cases correct lateralization became re-estab- : 
Be shed after six or ten minutes. (See table.) —— 
6) In eleven of the twelve cases the phenomenon was observed for both ~ 
— coffee and citral. In one it was present for coffee alone and was found to 
-bei inconstant tor Citral. 

















viduals A pens ot air, — appreciated was never peter 
erred to the opposite side. | i 
@) In ten of the twelve cases, the minimum. identifiable odour and: F 
ration of olfactory fatigue were within nor mal limits, The phenorte 

o! transference was ‘the only abnormality. . — eee 
8) In a series of. ninety-two individuals, normal o or r suffering fr om some 
m of nervous disease, only the twelve recorded “instances were observed. 
normal indiv idual nearly always correctly lfteralized the side of 
nulation or else expressed doubt concerning - the matter. He never 
sistently referred the stimulus éo the — side while failing to 
ntify it on the side of injection. z 


(9). Ta nine of the twe Ive instances of transference of the olfactory 
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‘tumour was situated on E — to which the —— was — thoug nt 
j have been applied. In these three cases transference was definite for 
h coffee and citral, and persisted for 1214 minutes, 8 minutes, and 13 
ites, respectively. e Cases 9 and 10 were tumours of the acoustic nerve, 
g. m the cerebellopontine angis: and giving rise to hydrocephalus. l 
e 

a Discussion. | 
fir sere age for the occurrence of the — 













(2). Te the edoiit S 
oe d be no good reason ae a —— ip — one “individual — 
“occurred in only one direction. If the odour crossed i in the nasal passages, 
— one would expect to see it occurring in both directions ; namely, from 
el al ght to left and from left to right. Again, there would be no explanation 
why all the odour should cross and none be appreciated on the side of — 
re jection. : E — 
3) Tn paragraph (3) — e, it was shown that im some instances. the 
odour was correctly lateralized if larger quantities were used instead of a 
-threshold amounts that were only appreciated in the opposite nostril. Such 
‘a condition could hardly arise if transference were taking place in the 
nasal passages. 
60) Two individuals with pituitary tumours (who did not show the 
transference phenomenon) with anosmia on one side and normal olfactory 
acuity on the other side, provided interesting experimental conditions. In 
cone case the growth had been removed by transfrontal approach with 
injury to the olfactory nerve on that side, resulting in anosmia. In both 
these individuals, 30 c.c. of odour (approximately four times the amounts 
‘used in those individuals showing transference) released into the anosmic 
| nostril from the test bottle were not appreciated either in that nostril or 
in the opposite healthy one. Similarly, sniffing strongly with the anosmic 
nostril did not at any time lead to an appreciation of the odour by the 
oe sound nostril. Therefore, if any degree of crossing of the odour occurred 
zin the nasal passages under these conditions the quantity was insufficient 
| he stimulation of the healthy olfactory membrane and the identifica- f 
n of the odour. It may thus be concluded that under the conditions of — | 
„experiment much smaller quantities, such as were required for th 
nonstration of the transference in the twelve re -orded cases, would l 
jess chance of stimulating the opposite healthy $ -olfactory membrane. noo 
9 In order to determine whether, in normal individuals, any or all of 
i dour injected into one nostril may cross in- the nasal passages to 
ulate the opposite olfactory membrane, it w as “decided to produce a 
-state of unilateral anosmia. This wasyobtained by spraying the olfactory 
“membrane on one side with Iper cént. novocain from an atomizer with a 
— long: slender tip. It was found that unilateral. ‘anosmia could readily þe- 
produced and thar then blast injections and sniffing of an odour a 









































OLFACTORY ALLOZISTHESIA 







on that side did not lead to an appreciation of the oia: bs et 
her side. Hence, it was concluded that blast injections of the odou K h 
cross i in sufficient quantities in the nasal passages to result in an n áp rec 
of the odour by the normal olfaçtory membrane. _ Pi 
Io olfactory studies by blast and stream injections hë 1 
ual almost always correctly lateralizes the odour or else. stat 
cannot say on which side it is detected. He never consistently r 
he opposite side while failing to detect it on the side of injection 
dividuals showing transference, however, were never in doubt conce 
“the side which they thought had been stimulated. They all. r 
appreciated the stimulus But lateralized it incorrectly. No ind 
tested knew on which side the odour was injected, as the nosepiece tte 
into both nostrils, although only one limb was patent. Repeated examina 
tion, suggestion and cross-examination failed to change them. in. their 
-~ opinion ; indeed, in several instances, when the nosepiece was demonstrated _ 
to them, the odour continued to be appreciated on the wrong side even — 
though the patient realized that the odour was injected into the opposite 
nostril. Fe 

We are thus forced to the conclusion that a condition, which may __ 
tentatively be termed olfactory allozsthesia, exists in these individuals. oS 

A stimulus applied to one olfactory membrane is appreciated as if it arose 
from the other side of the nose. It may be advisable at this point in the 
discussion to consider briefly what has been described concerning — 

: allowsthesia i in general. — 
Sensory alloæstltesiu. -Ohbersteiner (1881) was the first to give a clear 
: escription of this phenomenon of transference of a Sensory stimulus. from — 
1e side of the body to the other, which he termed “ Allocheiria.” He 
ibed its occurrence in four cases, two of tabes dorsalis, one of spinal 
id i injury and one of hysteria. He applied the term to a condition i in 
z which * ‘ though the ‘sensibility is retained more or less completely, the. 
patient is not clear, or is frequently, is not constantly, in error as to which. 
side of the body has been touched. The stimulus is commonly referred to | 
_the corresponding point on the opposite limbs.” Since that time numerous - 
stances of allowsthesia have been reported but little attention has been 
id to its significance. It has been observed in hysteria (Obersteiner, | 
381, Bosc, 1892, Verrier, 1898, Jones, 1907, &c.), in spinal cord — 
jury (Obersteiner, 1881, Camp, e1908), in diseases of the spinal cord, 
stably in tabes dorsalis (Obersteiner, 1881, Déjerine, 1914, Hammond, | 
383), following a head injury (Ferrier, 1882), im a brain tumour 
hilder, 1935), in hemiplegia (Kramer, 1915, Bosc, 1892), in- 
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od to the healthy side of the ledge — 
Brown- Séquard | (1886) and Mott (1893). both observed it following 
nisection of the spinal cord in monkeys. Dusser de Barenne produced 
cal hyperexcitability of one side of a spinal cord segment of a dog by the — 
yplication of strychnine and cut the sensory spinal pathways above the 








» the other side was felt on the side of strychninization. It thus seems 


: y on one side leads to irradiation of impulses to symmetrical parts. 

childer (1935) records the case of a woman who, following a left-sided 
— ‘capsular and parietal vascular accident, showed a transfer of sensation from 
othe left (healthy) side to the right (paralysed) side. There are only two 

- other instances of such a transfer (Hammond, 1883, and Brown-Séquard, 
ee 1886). In all other cases the sensation was transferred from the diseased. 
to the healthy side, as in nine of our twelve cases. Schilder (1935) has also : 
; -described a case of brain tumour in which pin- prick on the left side of the- 

— body was appreciated on a corresponding point on the right side, although 
the patient would often scratch himself where he had been pricked. A pin- 
prick on the right side was localized with approximate accuracy. Pin- 
— pricks on the face were always correctly lateralized. At autopsy a glioma 

- was found to extend thro oughout the whole ventricular system involving 

both frontal lobes and the corpus callosum. 

< Auditory alloesthesia.— There are three records under this title in the 
rature. The first, that of Gellé (1888) appears to be of doubtful nature. 
second and third, published by Bonnier (1904) are described in detail. 
both his cases a plug of wax in one meatus caused pain, deafness and a 
lateral forced movements, &c., which were referred to. the pppoe ea 
ov: l of the wax resulted in cessation of symptoms. 
‘isual allowsthesia.-Two cases are recorded. Féré (1888) nde the 
of “ Optie Allocheiria,” described a female hysteric i in whom the visual 
ssion received by the right open eye was regularly referred to the left 

» the patient insisting that she cca the i impression with the left eye, 
ich in fact was closed. Magnin (1888) also recorded a case of “ Visual 
Öö! eiria” An | hysterical woman had total and complete left 
ianæsthesia, which included the conjunctiva, cornea, auditory meatus 
mucous membrane of mouth and pharynx. Smell, taste and hearing 






























rychninized area on the same side. He then found that a stimulus applied _ we 






that hyperexcitability and simultaneous interruption of the sensory path- a 
















vere abolished on the left — and on this side there were also. abel 
hromatopsia and almost complete amaurosis. During hypnosis whe 
yes were open, but their fields separated by a screen, a coloured. objec 
front of the left eye was recognized and the patient maintained tha 
wW the colour with the right eye. — 
statory alloæsthesia. —ķerrier (1882) has recorded the case ofa 
following a blow on the head which rendered him unconse 
n hours, developed complete allozsthesia in both lower limb 
e mucous membranes of mouth, tongue and nasal passages. Se 
‘was intact throughout. A substance placed on one side of the tong 
tasted on the opposite side, although touch sensation itself was also 
_. ferred in the same direction. With the eyes bandaged, a touch stir u 
was applied to one nostril and found to be regularly referred to the opposite. 
nostril. Ferrier noted that as far as could be judged, the patient s sense a 
: of smell not being very acute, it was impossible to determine whether there — : 
— was reversal of smell proper but only as regards the common sensibility of 
— the nostril. The allozsthesia persisted for five months. 
Me have been unable to find any reference to olfactory allozsthesia in 

es the literature. 














































THEORY Propounpep TO EXPLAIN ALLOA STHESIA. | oe 

In 1883 Hammond put forward an hypothesis which has been con- 
-sidered an adequate explanation of allozsthesia by the majority of writers — — 
on the subject. Following his study of the condition in a case of lateral 
_ sclerosis he concluded that “ with a lesion in one posterior horn the sensa- __ 
tion would be directed through the grey commissural fibres to the other 3 
osterior horn and would reach the cortical centre in the corresponding - 
sphere, the sensation being then referred by this hemisphere to the 
ng side of the body.” Brown-Séquard in accepting this explanation 
-stated that “ Je ne crois- pas qu'il y ait dans les faits d’allochirie rien de 
difficile à expliquer aujourd'hui que l'on sait que les deux moietiés de la 
moelle épinière, comme les deux moietiés de l'encéphale, ont de` très 
nombreuses communications et que chacune de ces moietiés peur remplir 
rôle de l'autre. On comprend donc aisément comment les i impressions 
isitives venues d'un côté du corps peuvent être percues comme si elles — 
ovenaient du côté oppose.” It is difficult, however, to understand why, — 
lozsthesia i in spinal cord disease and i injury is due to a unilateral lesion, .. 
urs so rarely. Bosc, in discussing his cas@ of fatal cerebral hamorrhage 
ngo alloæsthesia, considered that impulses reaching the diseased 
ral hemisphere crossed — the corpus callosum to the opposite 
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‘cerebral c cases sof = 
| ss (1907) who in turn ~ 
— * sidedness,” due to 
nd’ S theory does at least 
unt for the conditions 
ribed. A1 may p prevent the correct 
eption and — — an —— $ mi lus on that side, so that 
e impulse is in turn diverted to the opposite olfactory centres via the ` 
erior and hippocampal commissures. It would. then be referred fo: the. 
al of that side. However, more accurate knowledge of the minu 
my : and the physiology of the rhinencephalon i is required before t x 
ame can be solved. a 















SUMMARY. 
Ko A éondition has been described which has been tentatively termed 
factory allozsthesia, in which a stimulus applied to one olfactory mem- 
_ brane is not appreciated on that side but is thought to arise in the opposite 
co ‘nostril, : ‘ 
(2) It is elicited in the majority of cases by first applying a prolonged 
_ stimulus to the olfactory membrane of that side, followed by injections at 

: threshold level on the same side. 

6) In nine of the twelve recorded instances a cerebral tumour was found — 
| the side from which | the odours were transferred. A transference | 
curred from the diseased to the healthy side. In the three remaining oe 
ses a tumour existed on the opposite side. Transference occurred from 
e healthy to the diseased side. 
(4) A brief discussion of allozsthesia is presented and a hypothesis 
“onsidered aM may acc ount for the i 






















REFERENCES. 


ER, nf (1904), Rev. — 12, 324. 
J (0899), Rev, Médicine, 12, 841. 
— — (1863), Four de la Physigi de Thomme et des animaux, pp. 58] 
1s At a 23 e te — 
36) CR. Soe. Biol, Paris, 31, 246 and 268. 
C.D. (1908), J: Amer. med. Ass., 51, 664, . ee 
EJERINE, Je (1914), Sériologie des affections du Système Netveux, Paris, Pe 788. fea 


+ 



























BY F, G. T. LIDDELL. 
(Laboratory of Physiology, Oxford) 







i earlier accoun -described the effect. of acute decerebration 
osture in cats some time after making experimental lesion 
l cord (Liddell, 1934, 1936). The lesion of the cord, which was 
r only, was originally and chiefly ventrolateral, but by spread of scare 
1e became also partly dorsolateral. It produced ipsilateral limb rigidity, : 
hypertonia, “presumably by “release” from some undefined control. 
sequent acute decerebration at intercollicular level wrought a remark- 
ble alteration. The rigid limb became flaccid, the previously normal limb- a 
~ became rigid. Closer examination showed that the newly rigid limb was 
— _ showing the classical decerebrate rigidity of Sherrington (1898), with Lee 
= “clasp-knife ” collapse, whereas the now flaccid limb which had been rigid eS 
es before decerebration, had been steadily resistant all the time that flexion. 
was forced upon it, and there had been no clasp-knife collapse. Here, — 
erefore, were two different types of rigidity producible at different times. 
same preparation, and meriting further observation. As these result 
dn ot been due to the primary surgical lesion in the ventrolateral region 
o the dorsally spreading scar, it was decided to make primary dorso- 
ateral lesions, involving specially corticospinal path ways, and that has been | 
| Justified criticism is often levelled against spinal lesions in that — 
so much 1 more : than i is intended and — — 

























were re used to the total of — and allowing for the severity ee 
experimental procedures and the functional instability of prepara- | 
— — consistent a The level of the cord: 










: — Gas to er i freely — the sunk or “Bfth moe t 
gait. If recovery of walking ability i is delayed, there may be not 


~ l.—Diagram to show approximate extent of lesion in donoe. region 
of cord. =. 


vious occasions, a distended bladder, out of control, Bladder. co 
f n to walk 3 retum —— A — — — 


RESULTS. 





Within two weeks of the operation, such activities as running, jumping — 
and climbing are frequent, without any abnormality in the gait. Wł hen, 
ever, the animal is nursed on one’s knee, its trunk supported more or i 
ertically, its limbs protruded and partly hanging, the limb on the side 
-cord lesion is evidently extended. (Upper limb changes are not con- - 
d amen As pepe! mentioned — — this method oe i 
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— in ihe: pro- po 
at t once —— 









ed a ae tense, an increment — 1 — or more e may tbe — d equally 
he two sides, but. the difference between each total remains as before | 
After the first week, with the lessening of oedema in the cord, there may be 
some small addition, e.g. 0°3 to 0'5 kg. to both sides, but rather more on 
Be the normal side, as voluntary power returns fully. This is a more e frequent 
occurrence when the lesion 1s at thoracolumbar rather than cervical level. 
There may, however, be an actual reduction in readings on the normal side. | 
-o due, in. reality, to a sharp voluntary withdrawal as soon as the pad is 
touched by the dynamometer pan. Subsidiary reactions in the ri igid limb. 
are (i) a flexion reflex from a pinch with a prolonged latent period, but often 
sharp enough when once elicited ; (ii) a diminished ability voluntarily to 
flex the limb when str ugeling. The rigidity itself is a solid persisting resist- 
ance to the forced flexion, not altered in character but somewhat greaterin 
amount when pressure is applied to the pad than when flexing force is 
Bey applied to the malleoli by means of a loop of bandage. This slight differ- 
ence: — be 2 from our — of the Ce ter 















1 temporary oe oe 
reper e and ag — 








ie examine A ack preparations, the method has to * edited in 
: to minimize the effect? of thtir charac teristic running | movements, 
asi is s well A own, begin some thir ty to fo minutes after the tran- 
nerally held to mark the emergence c of the preparation 
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Is. I Level vi is — to a oe — tof 
a cro of the anterior commissure. Level XII cuts 
proximally f rom its splenium and, ventrally, is rostral to- ‘the 
lillaria. Level- aly ‘passes between the anterior and. posterior. i 


for eel operations ‘Black cats, en do's seem > specially tia 








i e * — state 
— resp ion continues i in activity. a 
ae data from i one 5 case will serve — illustration: — 



















Dorsolateral lesion cof cord, left side, mid-cer vical level. Wt of cat 2-4 ig. : 


ays tater. J left hind- limh < 3 2 kg tight hind-limb I- 5 k, 
_,, after (a) and 1 hr. after n 
* rostral decerebration : oe 2: ra = E 5 z 
i chr. after intercollicular decerebration eC op I, — 1:1 


x? 


a J  PRECOLLICULAR T RANSECTION, 
instead of the rostral decerebration described above, the brain-stem Poo 
- transected | more ——— e. — Winkler and Potter's level BE meh, 























— the condition i its $ fellow, whid ch i may he — to o show 
decer brate rigidity. — 


Data from such preparations are as follows: i 





Jorsolateral lesion of cord, left side, mid-cer vical Jevel. © Wt. of cat 2- 6 kg. 


(a) 12 days later, -left hind-limb 2-2 kg, right hind- limb 1-0 kg. 
$- — hrs, after precollicular | 
~~ decerebration és 24, 5 1-8 ,, 


© T hrs. after intercollicular 
— ‘section, and — hrs. EN o 
-after (b) . : a 25 * Pp 


lesion as above. Wt, of cat 1-9 kg. 








l g later, left hind-limb L5 kg, ‘right hind-limb 0-5 ke. 
— on ° 





inkler and Potter’ level XIX, fo r 


















— KPERIMENTAL RIGIDITIES IN oars 






Discussion, 
| | Experiments to investigate posture modify or impair it in differen 
< Hence comes in the cat a solid persisting rigidity in extensors, after. 
esions or dorsolateral spinal lesions; a “ clasp-knife” rigidity w 
exaggerated postural precedence in extensors, as In decerebrate ‘rigidity 
or a co-contraction with diminished but still overpowering precedence for 
extensors, as in the positive Supporting Reaction. By what nerve-paths 2 
or the balance of action of what mechanisms these modifications or 
_ reductions of normal posture are brought about, remain still to: seek. : 
These present results accord with the earlier experiments, described in 
: he introduction to this paper. In the present series, the original lesion io | 
- dorsolateral and its effect circumscribed by avoidance of secondary effects. — 
from scar through a shorter duration of experiment. In any preparation 8 
decerebrated at intercollicular level, a ventrolateral lesion is a profound oa 
reducer of rigidity. In the undecerebrate animal, such a lesion does not ae 
| reduce and may even enhance the rigidity from a dorsolateral lesion. Thus - 
itis only when interruptions are both dorso- and ventrolateral that rigidity EE 
is severe enough to appear in the cat’s gait as spasticity (Liddell, 1936} 
The postural over-action released here in the first stage of the experi- 
t by the dorsolateral. spinal lesion alone, although almost equal to the 
o bedy-weight of the animal, is overshadowed in the gait, which, as Graham 
a. ‘Brown has emphasized, is basically a spinal rhythm. (Graham Brown, : 
1914, a, b.) Only when the animal is quietly nursed on the operator's lap 
is the rigidity revealed. f 
< Subsequent acute removal, under ether ansesthesia. of cortical tissue - 
‘rostral decerebration ”), leaving only basal tissue, does not alter in quality 7 
quantity the pre-existing postural — But as the decerebrating level 
omes more caudal and approaches intercollicular level, the pre-existing 
d rigidity tends to be replaced by “clasp-knife” rigidity. On the side 
lateral to the cord lesion, this is of full or slightly diminished amount, _ 
reasons quoted (Sherrington, 1898). On the other, normal, side there 
Iso decerebrate rigidity, here of full amount. The gradual development 
: ° 
































cute, “the: ae signi- 
satu the functional level 










— however, the main finding i is. ‘that in one and the same 
reparation of cat, two expressions of exaggerated posture can. be diss 
3 guished. In monkeys, Fulton and his colleagues have shown that de 
brate ri igidity is to be distinguished from decorticate rigidity (Fulton, TW9SB)\ 
In the former, the fore-limbs are “ thrust backward i in rigid extension with 
— pronation,” in the latter, they assume “ a strongly-flexed hemiplegic 
— posture.” Thus according to the status of the animal, different lesions 

oe bring to light, by release, different expressions of functio laesa in the 
are complex nervous machinery which integrates muscle posture. 












SUMMARY. 


Sp) In cats, dorsolateral lesions of the spinal cord on one side are 
: followed by rigidity in the ipsilateral limb. The rigidity is distinct from 
= decerebrate rigidity. Both kinds of rigidity can be demonstrated at different 
ae a times in one experimental preparation. a 
— 10 The rigidity from the cord lesions steadily resists forced eda and 
K has no “ elasp-knife ’ ` collapse. Although the rigidity may resist a flexing = 
: force equal to the animal’s body -weight, it is not apparent in the gait. 
es (3) When the animal is decerebrated at intercollicular level, classical 
erebrate | rigidity develops in the fellow limb; and has “ clasp-knife ” 
pse. The previously rigid limb, ipsilateral to the cord-lesion, alters the 
rof its resistance and may now also show a “ clasp-knife ” collapse. 
— show rather less — — the inh cased n 























| * 

I « decorti tication,’ and — ae 
brate r zidit ct cannot be — to. develop, the rigidity obtaining 
pias ge is often not altered — or — ae 











T., and C mI, H. M. (1937), Quart. J Ex; 


* a (1898), J. J. Physiol, 22, 319. — 
and POTTER, A. (1914), “ An anatomical “gui de toe 
yn the cat's brain.” (Amsterdam.) | Teo n 





ina ees is sie — in — J “of iow: — or atk: 
inal inhibition. Avi is s probable that in release there i is at ps a — 





Seni — 80 Ta — — ihe group a an TRN of activ ity whe eae 
Le previously i it did not show. A familiar example of release is the exaggerated — : 
Se _ postural activity following intercollicular transection of the brain-stem— = 
“ decerebrate rigidity z (Sherrington, 1898). Although release, as a rule, 
is believed often to need some hours or days to declare itself, decerebrate 


wt $ * 


igidit ap] Ears. immediately, unless the anesthetic Is very rofound 
n n P 












ow in shock, as Sherrington (1906) showed for — pathways, a 
ond. interruption of the excitatory path does: not seriously deepen the 
sree of shock produc ‘ed by the first interruption. In release, therefore, 
is a comparable phenomenon, the second, interruption of an „inhibitory 
ould not, or need not, alter or increase the degree of release from 
st inter rruption. 


e —— now described have for. their. starting pou l 


















o ay McCo puch a (1937). < She 
iche © the Rolandic area à of; th she æ 


É “Tn the —— 
e limbs on the sides- is 







ss than ¢ on the homonymous side.” 





lows clos 7 say that. va — — — as — in. the 
ious paper (Liddell, 1938). The affected limb is: protruded and more 

gid than its fellow. Dynamometer readings were taken, as prev viously 
described. eee 
a Results. —The. history of one preparation (Animal No, | of Table) may. PE give 


in some detail, Tts lesion covered the outer extremity of the anterior sigmoid gyru 
area C of Langworthy eae) (fig. 1}. The cerebral lesion was on the left hemis her 





Diagram of cerebral hemisphere of cat, after Langworthy. The lettering 
of the anterior and posterior sigmoid gvri follows that author, | 









nat the rigidity developed in the right limbs. The hind-limb showed ‘solidly 
ant rigidity, without clasp-knife collapse. After forced flexion, the Hmb” 
ded again readily, i.e. the flexors were not seriously implicated. The cat weighed — 





ay after cortical lesion, left hin@-limb resjstance 0-2 kg., right 1-4 kg. 


‘5 ; : f 00 . 200 
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Although chese reidings fluctuate, the extreme instability. of the pre par 
has to be kept in mind — 1926), as well as theg gr radual ‘pas: 

: anzesthesia and “shock.” It is evident that the left ‘hindlimb h: 

cession of postural . release from a previous average resistance of 08 kg, 
present average resistance of O-8 kg., while the right limb, previously 

om the cortical lesion, has. suffered. some decrease, from 1°7 kg. 

age to 1-3. kg. average. But the feature to be noted at this stage | is that 

previously rigid. limb i is still the more rigid. 

150 minutes after transection at level V, the transection was made ine — 

-collicular (ether anzesthesia) ; — Be 































10 minutes later, left hind-limb resistance 0-4 kg., right hind- limb 1-2 kg- 
— : — AS ay s ži 0 5 tY as I 6 ny: 


: as, even after intercollicular transection, the prev jously more rigid lim | 
nains the more rigid. Animal 5, decerebra ed at intercollicular: leve 
out previous forward decerebration, showed ‘still a difference dikes 
al No. H, although the cor tical lesion had not produced a very marked 
rence in the otherwise intact animal. Animals 2 2 and 3 gave trace of 


al us release after rostral decerebration, though 1 not after intercollicular 
é ction. From these his pongo it is evident that — krom 














1 al, — 4, was. — preparec But 
) cular | lev el without -previous — rostr 
| — with h those of Sherrington ( 









— with | properties — to SE of | its s ph 
en 1antiomorph, nervous shock. 


Readings after | 
rostral 
| decerebration 


| Average limb 
readings in kg. 
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A onary pore a J 
BY ADAMS A. McCONNELL AND H. LEE PARKER. K 


























_ Ow five occasions suboccipital exploration for cerebellar ti 
revealed, instead of a tumour, a deformity of the lower part of the n 
longata ¿ and a prolongation of the cerebellar tonsils into the spinal 
ie appearance of the parts exposed by operation, and in three’ ‘OF 
ses studied post ‘mortem, suggests a relationship to the Arnold-Chiat E 
alfor mation | described i in cases of spina bifida. — E 





— Case Male aged | 8. Headache, vomiting, failing vision, Papill- — 
— demqa. Involvement of 11th cranial nerve on left side and of oth. and 
> = 12th on the right. Suboccipital exploration, pressure cone and tumour of 

— medulla, Pomoren examination, deformity of medulla. | — 





— H. C. was admitted to the Richmond Hospital, Dublin, on May 15, 1935, on 
— account of headache and vomiting. : 
J Five months betore aaoh, he We to suffer from — of thřobb g 








ation. Thep patient w was a —— wells built P He was — 
on „coöperative. Temperature 102° F., pulse 100. There were clinical 3 
consolidation of the lower lobe of the left lung. Radiological x examination con- 
firmed the clinical. signs- and also — slight | — — ae ions of ear v 

tuberculosis. Papilædema of 5 
_ haemorrhages and exudate. The dae ae —— very — to — the. 
eft was practically inactive, Hearing seemed to be diminished on the right ede. ve 
were was definite weakness of the right side of the soft palate and weakness: and 
'ophy of the right side of the tongue. On the left side of the body the trapezius. 
uscle was very weak, All tendon reflexes were increased but the plantar responses 
re flexor. J 
‘The pneumonie process cleared upecompletely in ten days but by this time the 
pillocdema had increased to 7p in the tight ete and 6p in the left. There was 
















An extension of a paper read at the Annual Meeting of the Americar 
eurological Association, Atlantic City, NJ. June, 1937. l 








“The usual exposure 
€ i $. mad "There Was a considera le: amount of tension in the 
oT Pa whid: was somewhat relieved by apy ing a Jateral ventricie, The- 


€ s of the first and second vertebræ were removed. before the dura Was — 



















"iG. E {Case 1).—Diagrammatic sketch of the cerebello- medullary region at the 
of operation, The prolongation of the cerebellar tissue below the foramen 
m, the upward. course of the cervical nerve ‘roots, and the nodule on the 

la can be seen. | 












a Further separation * 
right side of the pere con: 







: eia, a ie ak | 
n lz ie right half of the closed 

medulla, and was sith ated caudal to the ean magnum. It seemed 
sha ply from k: e dorsal — of the ae — F merge, — into r l 
















The patient reco ceed: consciousness. only after ihe . operation and seem 
doing well for the next forty-eight hours. He then became suddenly com 
ticular puncture was done immediately. There wag no tension in the vei 
eath occurred. soon afterwards. E 
mission- jas — for partial necropsy only. The brain was removed ¢ 
ma it Lat its To — nthe — Ut 








sections 5 examined unde — Er 





Case 2,-Male, aged 10. Headache, hiccough, staggering gail 
<- papilledema. Internal hydrocephalus. Operation, deformity 
bellum and medulla. Post-mortem examination. 













: Q L. was admitted to the Richmond Hospital, Dublin, on March 29, 1936, Íi 
ef complaints were headache and a staggering gait. -o 
Twelve months before admission he had had a very severe attack of Beane 
‘pneumonia which lasted for some weeks. He was delirious part of the time. During — 
his convalescence headaches began. They were chiefly situated in the occipital 
region, more frequently present in the morning upon awakening, and they lasted. 
— for a few hours.. Vomiting was not common but there were very frequent attacks o o 
of hiccough. The staggering gait was noticed soon after the onset of the headaches 
_ and both symptoms were becoming increasingly severe. Pees 
The child was well-nourished, was confined to bed, and had a marked squint __ 
| due to paralysis of the left external rectus muscle. The fundi were normal. There 
was marked nystagmus on lateral gaze, which was present also on looking upward, — 
though to a less degree. His head was normal in size and shape. His speech. was 
scanning in character and there was definite inco-ordination in the upper extremities 
_. on performing the usual tests. His tendon reflexes were all exaggerated and the 
plantar responses were both extensor. The gait was spastic and ataxic, but the patient 
make progress: unaided. F— ; 
itial diagnosis seemed to lie between an arachnoiditis of the cister 
ary to” bronchopneumonia and a medulloblastoma of the overn fn 






































April 2, 1936, the lateral ventricles were tapped and found to be dilated: 
“Thorotrast was injected and roentgen studies were made. Every portion of- 
ventricular system was visualized and found to be evenly dilated. No thorotrast 
ior however, had passed into the cisterna magna. PELA 

.. The usual cerebellar exposure was made. The dura was under considerabi 
nsion which was relieved at once by puncture of the posterior horn of the late 
tricle, When the dura mater was opened widely it was found that the cisterna. 
għa was of moderate size and that there was no thickening or opacity of the 
chnoid membrane. Both cerebellar hemispheres appeared normal except for : 
presence of a pressure cone. In order to expose the cone completely the posterior: 
es of the atlas and axis were removed. Onhe right side the cone extended 
nwards to the level of the axis, and on the left side to the upper edge of th 
ina of the 3rd cervical vertebra. . Each side of the cone was thin and flat wi 
rd and ivory-white tips quite different in appearance from the usual pressur i 



















alf a ile ee mea and 

h middle line. The first 
wothe nodule and inclined 

he patient’ s general condition. 

-of th Was some cyanosis. although 

—* was not mar rkedly —— Death occurred: ‘suddenly at 10 p.n 

: night. | : : | 





















ves —— ftom ‘the ‘cord 
as pone i in the usual way. 





— (Case 2), Sketch — prolongation of the cerebellum into the spinal 
| ” The hardened tips of the cerebellar tissue have been separated diagram- 
atic ally to show the nodule on. the dorsum of the medulla. 


Operati tion, | deformity i cere: 
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— 20 1 mg, per ¢ cent, Blood sugar 15: mg, per « cent. 
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d by air. T he — showed a ‘marked aiana * cpa eras inveli 
rd and 4th ventricles, The diagnosis of adhesions obstructing the outflow 
ebrospinal fluid from the 4th ventricle was made. The cerebrospinal fluid wa 
mal in every respect. a 
Immediately after the ventriculography the posterior fossa was explored in t 

manner under local. anæsthesia. There was no tension when the dura wa 3 
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il | reached a — re 
the axis. The right tonsil 
the lower third of the latter 
nder the ee tonsil was a 








phe side of the nadutla 6 3). te — part + was — the level — ihe 
of the atlas. The first cervical nerve emerged from the cord just below the 
ie ane 3 ascended o -obliquely | D to its exit. from the — canal. There 





“The | patient: Thad | a dow. convaleecence. At inter fate of four or five days she 
; plained of severe: frontal headaches associated with vomiting. These attacks 
were: always relieved by the withdrawal of 10 ccm. of fluid from a lateral ventricle, 
ut it is interesting to note that the fluid was never under tension and had to be 
: virated. Similar ‘rel ief was obtained later during her convalescence by the adminis- 
CU ee VRTA ion of magnesium ‘sulphate by mouth. She returned to her work as a waitress 
— in ‘September, 1936. 
For the next seven months she ede y wakened in the morning with a feeling 
| of nausea which continued until she “ retched ” up with difficulty about a teas 
spoonful of yellow or green fluid. | 
CO The patient was last seen in June, 1938, more than two-years after the operation. 
She- was cheerful, comfortably fat and “able for anything.” She stated that she 
> --oceasionally “brought up a mouthful of bitter stuff "in the morning and that she 
— was quite unable to eat anything until the afternoon. The cerebellar decompression 
as flat, There was no trace of staggering in her gait and no abnormal neurological oes 
ns were found. — 














comment.— The chief differences. between this case and the two preced- 
were the more insidious onset, the relatively few signs of involvement 
o nervous — and the successful. outcome. The — 


ur tonsils. 


















Case 4.-Female, aged 26. Headache and failing viston. Papilla 
monary tuberculosis. Cerebellar exploration, deformity of med: 


dmitted to the Richmond Hospital, Dublin, on March 4, 1938 
‘adache and failing vision.. x "AE E 
dmission she noticed that she had some difficulty in- 

ng, About the same time she began to wake abo 
adache which grew worse until she had dinner at 1 
T: never completely disappeared. “ Headache powd 
































E gave partial relief. The. headache was always frontal in position and dull in 

character. Occasionally the patient felt dizzy but she never staggered nor fell. 
amily history good. | | ee 
Examination The patient was thin, mentally alert and co-operative, Weight 
8 st. 7 Ib. Apart from bilateral papillædema of 5p and slight weakness. of 
eft external rectus muscle the cranial nerves were normal. There was slight 
mor in both hands And some uncertainty in carrying out the finger-nose test. 
knee- jerks were slightly exa ggerated and the right plantar response — 
isor. The gait was normal. The blgod-pressure was 110 systolic, 75 diastolic. 



































7 were oe ae At this 
3 he | structures ; passing: th rough. the foramen magnum 
z bamboo cane with three short. segments each of about 1 cm., 
nt being the highest. When the arachnoid was opened the upper 
ntained the Rese of a pressure cone which. extended down to just above’ 
evel of the atlas. The second segment held the continuation of the pressure: 
which was ‘dunner and appeared to be marked off from the proximal. par 
€ third segment corresponded toa lump on the back of the medulla. ‘The 
: asil was white and firm though thick, wh e that on the left side. wag 0S 
nner. The tonsils were freed by the division of the arachnoid round them but 
yecause of our experiences with other similar cases we did not separate them to look 
the ventricle and we did not inspect the upper spinal nerves. Because of the 
— “ray appearance ot the lungs no exploration was made of the cerebellum itself as 
awe thought there would probably be a tuberculoma. A wide decompression, was 
— — 4 is an attempt to represent semi-diagrammatically the appearance of the | 
s _expowed parts. — 
_ . The patient's temperature reached 99-8° F. each evening | for three days after the 
operation. She was allowed to get up on the tenth day. That evening her tempera- ` 
ture rose to 100, and showed a similar rise each evening for five days, when it became 
steady. Apart from. the temperature she made an excellent San and left 
hospital on March 30.. | 
subsequent reports. indicate that she continues: to be free from i ae ——— 
: “symptoms, Pulmonary sy mptoms never developed. 































poe he occurrence of these four cases inside three years suggested that _ 
ilar cases might have been overlooked. We therefore made a search 
— the a museum and discovered a specimen which had 




















P 5. =M ale, , dge Ì 15. Vomiting , headache, oaa vision. Papil : 


—— — to on Rich mond ve ‘Dublin, « on t August - 

ount of headache and defective vision, ee at 

Q: two years before admission the patient had “attacks of vomiting every two 
wi eeks. “About one month before, he began | to suffer from headaches which 

the frontal region and spread to the lef ccipital” region. The headaches 

CA few minutes and recurred every two or three, days, Vision began to 

uta fortnight before his arrival. ip hospital. 3 


i — severe. headache and repeated vomiting occurred nearly every | 











There x was s papillcædema of 5p. in th 
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right eye and 6p in the left. Visual acuity was § in each eye and the visual fields 
were full. The pupils were equal and active. The left external rectus muscle was 
weak and there was occasional diplopia. Horizontal,nystagmus was present and 
was more marked on looking to the right. 

The rest of the neurological examination was negative. 

Radiographic examination of the skull showed convolutional atrophy, slight 
separation of the sutures and some rarefaction of the dorsum sellze. 

August 24.—Ventriculography: There was a gross hydrocephalus involving the 
lateral and 3rd ventricles. No air was seen in the 4th ventricle. Operation: 
Cerebellar exposure. There was no fluid in the cisterna magna. The hemispheres 
were symmetrical and a small area of the vermis appeared between them. The 
arch of the atlas was removed. A thick pressure cone reached to a point below this 





. Fic. 5. 


level, the left side of the cone being larger than the right. Rather dense adhesions 
obscured the tip of the left side of the cone and glued the two sides together. When 
these adhesions were separated there was a free flow of fluid and all tension dis- 
appeared. An incision was made into the vermis but no tumour was seen. The 
impression was that an adhesive arachnoiditis had blocked the passage of fluid 
from the 4th ventricle and that the pathway had been cleared. The wound was 
closed. The patient appeared to make a good recovery from the operation and 
regained full consciousness. About 10.30 that night he was talking cheerfully to 
the nurse and asked for a drink. At this time the pulse dropped to 60 and the 
respirations to 10 but inside half an hour they rose to 90 and 20 respectively. The 
nurse turned away for about one minute and when she turned back the boy was 
dead, without warning of any sort. 

Post-mortem examination.—Whey the pressure cone was elevated the dorsal 
aspect of the medulla was seen to be heaped upe®as a lump, and between it and the 
spinal cord lay a deep groove. There was no corresponding kink on the anterior 
aspect of the medulla or cord. The medulla seemed to have undergone a certain 
amount of torsion around its long axis. 


‘ 
va \ ORIGINAL ARTICLES AND CLINICAL CASES 


The right half of the pressure cone was removed at the level of the foramen 
magnum. This revealed that the whole closed part of the medulla had lain in the 
spinal canal (fig. 5). > 

When the lower part of the cerebellum was dissected off the roof of the 4th 
ventricle no foramen of Magendie nor foramina of Luschka could be demonstrated. 
Fig. 6 shows the intact inferior medullary velum from the right side. The 4th 
ventricle was greatly distended and the aqueduct of Sylvius dilated, as were the 3rd 
and lateral ventricles. There was no evidence of a tumour anywhere. 

Serial. sections showed that the lowest part of the 4th ventricle formed a diver- 
ticulum overhanging the dorsal aspect of the central canal of the medulla. 

The ependyma of the central canal at this level showed proliferation and lower 
down the canal was completely obliterated by a loose mass of ependymal cells. 





Fic. 6. 


ANATOMY. 

The anatomical findings in all these cases were very much alike ; each 
had what appeared to be a pressure cone, in each the closed part of the 
medulla lay in the spinal canal, in each there was a protuberance on the 
dorsal aspect of the medulla, and in three some obliquity of the upper 
cervical nerves was noted. All had internal hydrocephalus involving the 
4th ventricle. In all cases the protuberance seemed to be chiefly on the 
right side of the medulla, and in the post-mortem specimens this appeared 
to be due to the medulla having undergone a slight anfount of axial torsion, 
its lower part being rotated in a clockwise direction. Fig. 7 shows the 
consequent asymmetry when vfewed from in front. 

For convenience in description we have used the term “tonsils” to 
designate the prolapsed cerebellar tissue. 


i 
d 


‘ 
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Spina bifida was not demonstrated in any of the cases, but the spine was 


not X-rayed in cases 1, 2 and 5. In the second case, however, it was ` 


examined after death. In Cases 3 and 4 X-ray examination of the spine 
was negative. Microscopic examination of the medulla (Cases 1, 2 and 5) 
revealed a certain amount of distortion, as would be expected, but there were 
no signs of degeneration or demyelinization. In Case 5 proliferation of the 
ependyma of the central canal of the medulla was present. Cerebellar 
histology was normal. A search for “ torpedo ” bodies was carried out by 
the method recommended by Aring (1938), but none could be found 





Fic. 7 (Case 5)—Anterior view showing the asymmetry and the deep grooves 
formed by the vertebral arteries. 


although the axons of the Purkinje cells had apparently been fully stained. 
A clue to the significance of the anatomical findings was furnished by a 
paper by Russell and Donald (1935). These authors reported ten cases of 
meningomyelocele associated with a malformation of the hind-brain. 
“In this a tongue of variable length, consisting of cerebellar tissue and 
the greatly elongated medulla dblongatag protrudes downwards into the 
spinal canal. It overlaps and compresses the upper segments of the cervical 
cord, distending the dural theca in this neighbourhood and filling the 


‘ 
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b 





sma I aa a mass “jacking diffe a into vermis kaad 
T he tonsils s and Hees can seldom be identified.” 
















doped d the — of che Amold-Chiari Ae Or — 
one case. of meningocele Russell and Donald found that there w 
i lal displacement of the medulla but that there was no tongue Le S 
edullary tissue overlapping the spinal cord : as in the fully developed 

lformation. — ——— 
2 oC We examined SIX. RAN with pila a aa: ‘who had died a 
or soon after birth, In four of them the fully-fledged Arnold-Chiari 
= malformation was present, but in two the deformity, when exposed as by 
Operation, resembled closely that described in our cases. 

The following case came to operation. 





| Male infant, aged 4 months. Large meningomyelocele. Unsuccessful attempt 
— close lumbar defect. Cerebellar exposure. Arnold-Chiari malformation, Death. 
The infant was healthy and well-nourished. The head was small and the coronal 
as fontanelle j just perc eptible. There was free movement of both legs. A large meningo- 
myelocele occupied the lumbar region ; it measured about three inches in diameter. 
"The skin over it was tense and purple and there had been some leakage of fluid — 
<- for two days before admission. — 
oe July I, 1938.--Operation: When the sac was opened the lower part of the spinal 
and the cauda equina were found adherent to its dorsal wall. These struc- 
were dissected free without difficulty and the sac itself. was reformed. Fascial 
were reflected and sutured across the defect and a satisfactory closure of the 
) s wound was made. By the eighth day enough fluid had escaped beneath 
n to float the wound and it was necessary to aspirate the fluid to prevent | 
tension. On the twenty -first day the wound seemed to be perfectly healed 
ion was stopped, but next day it began | to leak. During this ti 
been very well and there had been no sign of raised intracranial pressure. 
decided to expose the region of the brain-stem in the hope of promoting l 
„flow of fluid from the spinal subarachnoid space. This was done on 
through a longitudinal incision, The foramen ‘Magnum was very large and 
ae v dorsal. lip and the arch of the atlas there Was am interval of about one 
ugh: which the cerebellum protruded. There. was no vermis. The arches 
8 and. axis were removed. and the @pening in the dura continued down- 
oming from the lower part of tife cerebellum was a cone-shaped process 
id which was densely adherent to the prolapsed cerebellar tonsils. These _ 


‘downwards to ‘the level of the lamina of the 3rd cervical vertebra. The 
rachnoid. paee was opened at this level and. there was a — flow of fluid. 
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The arachnoid membrane was stripped easily from the lower part of the cerebellar 
hemispheres, but there was no cisterna magna. 

In order to give the cerebellum more room, the back of the foramen magnum 
was removed for about | cm.: this exposed the lateral sinus, The dural incision 
was extended upwards and to the left. The upper surface of the cerebellum was 
now exposed and there was a space between it and the tentorium. At this stage 
there was a sharp hxemorrhage, probably from a cerebellar vein joining the deep 
aspect of the lateral sinus. This was promptly controlled but it must have been a 
factor in the child’s death soon after the operation. 

Post-mortem examination was limited to the region of the operation, The 
cerebellar tonsils and the medulla at that level were completely surrounded by a 
deep ring of adherent arachnoid membrane. It was impossible to strip off the 
arachnoid without tearing the underlying structures. The tonsils in their turn were 
closely adherent to the back of the medulla except in the middle line where there 





Fic. 8. 


was a tiny smooth tunnel passing from the 4th ventricle. It seemed as if the tonsils 
and closed part of the medulla plugged the upper end of the spinal subarachnoid 
space as the stopper plugs the neck of a bottle. The minute tunnel might be com- 
pared to a perforation through the stopper. Simple opening of the dura would 
have had no effect on the essential lesion. 

These anatomical observations, although unsupported by preoperative tests, tend 
to confirm the conclusion reached by Russell and Donald that the cerebrospinal fluid 
can get into the spinal subarachnoid space but cannot get out of it. 

The usual protuberance was present on the dorsal aspect of the medulla and 
there was a corresponding kink on the anterior aspect of the brain stem (fig. 8). 

The 4th ventricle was large but not distended, and the aqueduct of Sylvius was 
small and patent. The upper cervical nerves were oblique. 

The operative findings in this undoubted example of the Arnold-Chiari mal- 
formation resembled in part those of Case 5. An both the cerebellar cone just 
covered the closed part of the medulla and concealed the protuberance on the latter ; 
in both the arachnoid membrane was adherent to the cone. 


In the true Arnold-Chiari malformation with spina bifida there are 


left side 


Cranial 4 herve weakness R. 9 and 12 


hese c Cases, and nothing that cS 


) a new case. On ‘one — 


In general, paar — l, the clinical aspe 4 these cases was tha 
»bstructive internal hydrocephalus without. localizing signs. 
| aan ee was ee gel the 4th ventricle was 
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the conditi tion reco — — more was — 
ve and are well. I fe 
Case 5 differed from ‘the others in two respects. First, the a 
_was adherent to the tonsils ; and second, the 4th ventricle was c lose 
arachnoid was dissected off the tonsils and the latter were. mob: 
glect to open the 4th ventricle was a serious error. The patient di ted © 
yours. In the infant with the meningomyelocele the spinal cord: was 
d from its attachment to the sac at the first operation and later the 
subarachnoid. space was opened widely above and below the band of — 
: adherent arachnoid which encircled the cerebellar cone and the medulla. 
The cone was not touched. We think that this infant died because of 
— ae during the operation. 
— In the light of these results, it would seem that the safest thing to ae a 
— is to open the arachnoid widely from the region of the cisterna magna to __ Lo 
— the spinal subarachnoid space and to do nothing more. If the arachnoid 
is adherent to the tonsils, it should be left adherent, and the subarachnoid — 
— space opened above and below. The tonsils should not be mobilized. = 
ee Tf there is no outlet from the 4th ventricle as in Case 5, and if menla 
iof the cerebellar tonsils is as dangerous as we think itis, it would seem 
essary to split the vermis, or to short circuit the cerebrospinal fluid ‘by. 
g the 3rd. ventricle. oe 
hese therapeutic speculations apply only to the degrees of the mito 
mation that we have described, for there are probably many ether degre ce 
E which we have not met with and which may present differ ent surgical i; 
F problems. 
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SUMMARY. ; 
A deformity of the brain stem and cerebellum in children and adults 
scribed. It is suggested that this deformity is a minor degree of the 
id-Chiari malformation found in association with meningomyelocele. _ 


entative suggestions for treatment are advanced. 
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oe ‘DOUGLAS McALP INES | 
(From. the — 7— o Neru 'OHS Diseases, M iddlesex Hospital.) 


os years trom — — at en years Fram ere T h 
nset of menstruation 1 occurred at the same ume. in both. In their ir foetal 


ce — ability. they: were dike i —— 
— ~ — is an account of the illness which proved fatal — 


“No 
T vision. Bed. sores ma a bladder y infection 1 led to Gai — 
4 “after onset. e 


Ey aged 24, on — 16. 1933. developed a cough without. 
ich was. s. thought to be “influenza”. On. Janua “le 20. she. ex 
cross noulders which persisted | for I da 
: the left thigh followed by nu q upwards ~ 
and hen affected the right leg in “course — d days. On 
; the egs b b came weak and she had reten on | of urine which lasted for 
Q ary xo she was. | admitted ı to the. aor Ward of the 
al, She was an intelligent 
were normal, There was 
LOWE tA S i — and of the lower — 
eg being : he left, The em reflexe 
je. — was — in whilst 



















exion — — could — be daed All fortis of sensation E 
xinished on the trunk below the 4th dorsal segment. Tactile sensation was u 
paired on both legs; thermal and pin-prick sensationewere retained below the 31 
r segment on the right side, but were absent on the left leg. Vibration sen 
bsent, but postural sense was normal. There was retention of urine a 
rence of feces. A lumbar puncture showed a clear fluid; the Wa agse 
‘was negative, 4 mphocytes per cmm., protein 0-03 per cent, 
) 1 | gold curve. H 11222100." On February 3 the paraplegia- was: more. — 
knee-jerks were now absent, whilst the ankle-jerks. remained brisk, 1 
pin-prick sensation. were now lost in the right leg, but postural. sense re 
affected. During the course of the next three days the paralysis in th 
limbs became almost complete, However, by the end of February, power ha 
_ improved in the left leg, and the knee-jerks were feebly present, Thermal and pi 
prick sensation returned in the right leg and later in the left leg. Vibration sens 
-o remained impaired up to the beginning of April, whilst postural sense was. retained, 
except on two consecutive days, Sphincter control returned, and the patient was 
discharged on May 4 with a moderately severe spastic paraplegia which, however, — 
did not prevent her from walking with the aid of sticks. 
— ‘Improvement. continued for one month. On June 20. she noticed blurring of 
vision in the right eye and, within two days, the vision in both eyes had rapidly 
— failed. On June 27. she experienced severe pain in the abdomen with recurrent 
— ‘vomiting. On June 29 the legs became weaker, and on June 30 there was loss of- 
sphincter control, On July 3 she was readmitted to hospital, In addition to the ee 
above symptoms she now complained of tingling in the arms, The temperature = 
© oo was 101° F. Both pupils were dilated and responded slowly and incompletely to. — 
light. Vision in both eyes was reduced to perception of light. The fundi appeared 
normal, apart from fullness of the veins. The remaining cranial nerves were normal. __ 
< There was no loss of power in the upper limbs, or alteration in the reflexes, but _ 
thermal and pain sensibility was lost between segments: cervical 6 and dorsal | on 
both sides, other forms of sensation being normal. There was complete paraplegia 
-in extension with a well-marked flexion withdrawal reflex, All forms of sensation 
were lost below the 3rd dorsal segment. On July 5 the loss of thermal and pain 
sation extended up to the 4th cervical segment on both sides and both. hand- 
ps became weak. On July 8 the arm reflexes were absent, and there was. marked 
iess of both hands and wrists, On July 7 the dissociated sensory loss was found 
the 3rd cervical on the left side, and power was now diminished at both elbows 
and slightly at the shoulders. There was, for the first time, slight postural loss in 
both hands with diminution of vibration sense, and this loss became complete ir 
_ the course of the next twenty-four hours. No definite weakness of the diaphragm 
= was apparent. On July 8 she could count fingers with the right eye, but had only 
erception of light with the left eye. Subsequently complete blindness develope: : 
» double optic atrophy. Power partially returned in both arms, but to ano 
significant extent in the lower limbs, which passed into paraplegia in flexion. 4 
sequently there was some return of sensation in the upper limbs, but anesthesia 
ned complete on the trunk and lower limbs, Despite an in-dwelling cathete: 
requent bladder wash-outs, the frine became heavily infected and she. deve. 
ed, sores. A lumbar puncture on January 3, 1934, showed 5 cells per emm: 
nein QOF per cent., Lange curve normal. She remained totally blind and in 
nic state ‘of paraplegia inflexion, The bed sores extended and she died on. 
ust 10, eighteen months after the onset 2f her illness, oS 





























































































































thy K. On 1935, whew "sped 25, she had a tooth 
ed under | gas a d fe felt i ee for a few days. On March 9 she developed 
but no sore throat, During the night of March 13 she began to suffer from 
ery acute. pain in. the region of the shoulder blades, and on the morning of 
March 14 she felt that she had been beaten with sticks across the back, On the | 
m ning of March 16, on getting out of bed, she noticed that she could not feel t 
Id of the linoleum with the left foot, This was succeeded by a dead anc 
f eeling which spread: up the left leg, and by the following day it had reachec 1 th F 
abdomen. On March 18 the right leg felt numb, but she was still able to walk quite 
well. ‘She noticed slight hesitancy in mictur ition on this date, On March 20 her 
egs were weaker and she had retention of urine. The pain had been severe enough 
=o to keep her awake at nights, and on the day of admission she had felt an aching 
pain across the back of the neck. On March 21 she was admitted to the Neurological 
ooet Ward of the Middlesex Hospital. A striking similarity in facial appearance and 
— colouring between this patient and her sister was noticed. She was equally intelligent, 
and since she had visited her sister many times in hospital, she was familiar with 
5 the symptoms and course of her disease. Yet throughout her own long and distres- 
sing illness she displayed the greatest fortitude, Her temperature was normal, The 
throat was markedly congested. The pupils and fundi were normal. There was po 
nystagmus and vision was full. The remaining cranial nerves were normal. Power, 
reflexes and sensation were normal in the upper limbs. The abdominal reflexes 
were absent. There was a moderate paresis of both lower limbs, more especially 
of the right one. The deep reflexes were depressed. The right plantar response waso | 
extensor, the left equivocal. There was complete loss to pain and thermal ‘sensation — 
onthe abdomen below the level of D.6, and on the lower limbs. Tactile and 
vibration sense.in the lower limbs and postural sense in the toes were normal. There 
‘was retention of urine. The cerebrospinal fluid was clear. The pressure was 
13 mm. of water, Cells 2 per cmm. Total protein 0-025 per cent. Colloidal 
zold- curve negative. | On March 24 the patient appeared drowsy. The temperature 
012° F, She complained of pain in both arms and around the neck. Ther 
aresis of both arms, more especially the left. The arm reflexes were increas 
> was. diminution of pain and thermal sensation in the right arm, and hy 
a in the distribution of the 3rd and 4th cervical. segments, On Ma 
ins around the neck were more marked and gns of a paresis of the: lef 
al sympathetic were noted, No movements of the fingers of the left hand 
ossible, and those at the elbow joint were weaker, while there was now definite 
ness of abduction at the shoulder joint. The. same distribution of paresis was 
nt in the right arm, but to a lesser degree. The reflexes in the left arm were 
inished. ce Was a a complete flaccid paraplegia of the lower limbs with absent 
xes. definite band &f hypewesthesia was. present at the level of C.3. 
and keral. sens bility were lost below C.3 on both sides, whilst postural and. 
n senses were lost on the left hand, but were normal on the right side, “Al — 


s of sensation were now lost below D.2. 
° 

































































‘FAMILIAL N, SUROMYRLITIS OPTICA 













On April 2 the left arm was —— paralysed, and also the right arm, apart — 
from a feeble movement of abduction at the shoulder. Breathing was mainly’ 
rried out by the extraordinary muscles of respiratiog, although at no time bad 
> diaphragm become completely functionless. Postural loss became complete in 
joints of both upper limbs. About a fortnight later power began to’ ‘return in 
ns and proceeded slowly. Pain and thermal sensibility returned rapidis 
aa loss and tactile sensation remainent il esas in oe — and — 
















$ dition of — in — develope) which was overcome, to a — i 
tent, by the use of splints, An in-dwelling catheter was used from the beginni 
and an automatic method of draining the bladder was employed ; the urine, ho 
ever, became heavily infected. Pain and thermal sensibility returned on the tru ak 
and thighs, but remained impaired below the knees. Postural and vibration senses 
remained lost in the lower limbs. She was discharged to another hospital on 
—— September 29, 1935. She was then able to use her hands quite well, but remained — 3 
completely paraplegic, with no control over her bladder. About December 7 she 
noticed a large spot in front of the left eye. The vision further deteriorated during 
< the next two weeks. On December 25 she noticed failure of vision in the right eye, 
which progressed rapidly until she became blind in both eves. She had experienced 
no pain in the eyes, or headache. 
~ On january 10, 1936, the patient was readmitted to the Middlesex Hospital. 
‘Both pupils were dilated and reacted poorly to light, especially the right. She was 
able to count fingers with the left eye, whilst with the right eye there was only 
perception of light. The temporal half of the left disc was pale. The margins of 
the right disc were fluffy and the veins were engorged. There was a large central 
scotoma in the left eve. Further improvement in the power of the arms, with slight 
return of power in the lower limbs, had occurred since her discharge from hospital 
in October, 1935. There was a marked degree of adductor spasm and a tendency 
to a paraplegia in flexion. Postural loss was still marked in the distal joints of both 
feet. There was incontinence of urine with a heavy bacilluria. An indwelling 
a catheter with an automatic washout was again instituted, and mandelic acid given 
the mouth. The vision slowly improved in the left eye, so that by the time she 
discharged in May, 1936, she could read small print with this eye, but could. 
-count fingers with the right. Both discs were now atrophic. Power had returned 
fficiently to the lower limbs to permit of her standing and taking a few steps with 
pport. The bacilluria disappeared, and useful control of the bladder returned, 
so that she was rarely incontinent, When seen again in September, 1936, she was 
able to walk alone with the support of two sticks. No further improvement 
in vision had occurred. She remained in this condition until the beginning 
<o of May, 1937, when she complained of pain and numbness around the neck, 
| and she again became incontinent. She was readmitted to the Middlesex 
Hospital on May 5. She was still able to read small print with the left eye, and, 
mint fingers with the right. Both discs were atrophic. There was marked paresis 
the left arm and refilewed weakness of the lower limbs, left more than right. 
were was loss of pain and thermal sey, and slight impairment of cotton- 
< wool sensation in the distribution of ‘om to 7 on ghe left side, and on the right arm 
o below C.4. Postural sense in the fingers was intact, and vibration sense was normal. 
On the trunk there was diminution to all forms of sensation below D.2 on the right 
ide, and D.4 on the left side. She vomited frequently and became drowsy. The 
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pain around the neck continued. The right arm became paralysed. Postural loss 
became complete in both arms and pain and thermal loss extended up to C.2. The 
diaphragm became paresed,gind she died of respiratory failure on May 20, twenty- 
six months after the onset of the disease. 


PATHOLOGICAL FINDINGS. 


The usual methods of staining were used in beth cases. Sections from various 
parts of the hemispheres, basal ganglia, brain stem and cord were examined. Un- 
fortunately, the optic chiasma from Case | was not available for study. 

Case 1.—On naked eye inspection of the meninges of the brain and spinal cord, 
nothing abnormal was noted. However, when the cord was sectioned it was obvious 





Fic. | (Case /).Diffuse demyelination in centre of optic nerve. Scharlach R. 
and Hematoxylin. 


that there was a diffuse pathological process in the mid-dorsal region ; there was 
no differentiation between the white and grey matter, and the cut surface appeared 
dark brown in colour, Microscopic examination of the cortex, sub-cortical white 
matter and the basal ganglia, showed no evidence of demyelination or of round- 
celled infiltration. The mid-brain, pons and medulla were similarly normal. A 
portion of one optic nerve was available. It showed well marked demyelination in its 
centre (fig. 1), There was no perivascular or meningeal iffiltration. Spinal cord: 
There was a diffuse demyelination extending from the mid-cervical region to the 
lower part of the dorsal cord. kk was gnost intense in the cervical enlargement 
and mid-dorsal region. In the mid-cervical region there was well-marked 
demyelination of the posterior part of the cord, extending anteriorly to involve 
both the direct pyramidal tracts, and on one side the antero-lateral part of the cord 
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(fig. 2). In the upper dorsal cord demyelination extended outwards from the centre 
of the cord, mainly in an anterior and lateral direction (fig. 3). From the Sth to 
the 8th dorsal segments there was almost complete demyelination of the whole cord. 
Normally staining fibres occurred in a few isolated bundles, but the remainder. had 
disappeared. In the lower dorsal and lumbar cord the myelin sheaths showed no 
appreciable changes, except in the pyramidal tracts, due to a Wallerian degenera- 
tion. The axis cylinders showed changes varying from degeneration to destruction 
in the affected parts of the cord. Perivascular infiltration was conspicuous by its 
absence throughout the cord and meninges. Microglial reaction was marked in 
the affected portions of the cord in the form of fat-laden corpuscles and cells with 
rod-shaped nuclei, Macroglial reaction was moderate considering the age of the 
lesions. It was slight in the cervical, but somewhat more marked in the mid-dorsal 
region, more especially towards the periphery of the cord. The blood-vessels showed 
no evidence of arteritis. There was a slight increase in the number of capillaries 
in the mid-dorsal region. 





Fic. 2 (Case |).—Mid-cervical region (see text). Weigert-Pal. 
Fic. 3 (Case /).—I\st dorsal segment (see text). Weigert-Pal. 


Case 2.—The cut surfaces of the cord showed a greyish softening from the 
cervical region to the middle of the dorsal cord, similar to that observed in Case 1, 
but more marked in degree. The histological changes were confined to the optic 
chiasma, optic tracts, optic nerves and to the spinal cord. No demyelination or 
perivascular infiltration was observed in sections from various parts of the cortex, 
basal ganglia, ventricular walls and brain stem, with the exception of the lower 
medulla, where two small recent areas of demyelination with round-celled infiltra- 
tion were found in its dorsal part. The optic chiasma was cut in serial sections. 
A diffuse demyelination was present extending into both optic nerves and the left 
optic tract, The demy®lination at certain levels was not complete and bundles of 
normally staining fibges were present (fig. 4). The majority, however, showed 
changes varying from complete disappegrance go fragmentation and ballooning. 
In the centre of the chiasma, in the more caudal sections, the process had advanced to 
necrosis, With the exception of a small, rather sharply delimited, area in the right 
optic tfact, the demyelinating process was a diffuse one. Perivascular infiltration 
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on the whole was slight; when present, the cells were mainly fat granule 
corpuscles, with a few lymphocytes. Sections of the optic nerves showed a diffuse 
demyelination at the centre of each nerve. Spinal cord: There was a diffuse 
demyelination extending from approximately the 2nd cervical segment to the 
lOth dorsal segment. The process was most intense in the cervical enlargement, 
and the mid-dorsal region, In the cervical region demyelination diffusely affected 
the cord, sparing only the anterolateral tracts on, one side. From segments C.5 
to 8 there was necrosis and cavitation in the centre of the cord. In the Ist and 
2nd dorsal segments the process was more widespread than in the cervical cord, 
being especially intense in the centre of the cord, where it extended outwards, only 





Fic, + (Case 2).—Optic chiasma (see text), Weigert-Pal. 


sparing parts of the anterolateral tracts (fig. 5). From the 4th to the 6th dorsal 
segments the lesion was at its maximum ; demyelination was complete, except for 
a few scattered bundles of fibres. The centre of the cord was necrotic (fig. 6). At 
the level of the 8th dorsal segment demyelination was less complete, being more 
marked in the posterior than in the anterior half of the cord. Degeneration of the 
pyramidal tracts was symmetrical. In the lower dorsal and lumbar cord there was 
a descending degeneration of the pyramidal tracts. The axis cylinders were 
considerably affected, especially in the cervical and mid-dorsal regions. Many of 
the fibres seemed to have been destroyed, whilst others showed gross changes 
including fragmentation, swelling and end bulb formation. In the less affected 
areas many of the axis cylinders were normal. Microglial reaction was marked ; 
fat granule corpuscles were abundantly present in the affected portions of the cord. 
Cells with rod-shaped nuclei were more frequent at levels where the lesion was 
moderate or slight in degree. Macroglial reaction was poor ; gliosis on the whole 
was conspicuous by its absence. In the mid-dorsal region, where the necrotic process 
was most marked, a few astrocyte® were @een situated at the periphery of the cord ; 
the majority shewed degenerative changes such as swelling of the cell body. Peri- 
vascular infiltration was marked in the cervical cord, more especially around the 


branches of the anterior spinal artery. The cells were mainly lymphocytes. There 
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was a moderate meningeal reaction. Similar changes, though more marked, were 
present in the mid-dorsal region, On the other hand, the vessels and meninges of 
the lumbar cord were normal. The grey matter was cOnsiderably altered at certain 
levels, especially in the mid-dorsal region. No trace of the anterior horn cells 
remained. In the cervical cord the cells that were present shewed chromatolytic 
changes. A striking feature in the mid-dorsal region was a marked increase in the 
number of thin-walled capillarigs. No evidence of an arteritis was found, Fibro- 
blastic reaction was comparatively mild. 





Fic. 5 (Case 2).—2nd dorsal segment. Diffuse demyelination. Weigert-Pal. 


Fic. 6 (Case 2).—6th dorsal segment, Diffuse demyelination with necrosis and 
cavitation in the centre of the cord. Weigert-Pal, 


A COMPARISON OF THE Two CAasEs. 


The clinical picture on the whole was strikingly similar in these twins. 
In each a “ cold ” preceded the first symptom of myelitis. Severe pain across 
the upper back, tingling and numbness in the left leg ascending to the 
abdomen and then affecting the right leg, was the sequence of the sensory 
disturbance in both cases. Each patient was admitted on the tenth day of 
her illness and each showed signs of a severe mid-dorsal myelitis. In both 
cases the right leg was weaker than the left. In Case | thermal and pin- 
prick sensation were at first only lost on the left leg, whilst in Case 2 the 
initial sensory loss on both lower limbs was confined to these forms of 
sensation. The rest of the examination of the nervous system, including 
vision, was negative in both cases at this stage. The cerebrospinal fluid was 
normal throughout the illness in both*cases, except that on the first occasion 
Case | showed a mild Lange colloidal gold curve. The course of the disease 
was now different. In Case | the myelitic process, although becoming 
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vy dé This — — —— a stage “of E quadriplegia, t bas — 
é — power bega 1 te return in the upper limbs, but scarcely at all in 
e lower limbs, even. al ter six months in hospital. Blindness marks the 
xt phase of. the disease in both cases. In Case 1, one month after her 
8 discharge from hospital and five months after the onset of the illness, loss _ a 
of vision was noticed, first in the left eye ; within one week she was blind in 
— “both eyes except for the perception of light. In Case 2, ten weeks after 
| -leaving hospital and ‘nine months from the onset, vision failed 3 in the left 
eye, and eighteen days later in the right eye. The third phase in each 
case was a fresh myelitis. In Case 1 this accompanied the onset of blind- 
-o ness; a fresh dorsal myelitis occurring which spread to the cervical cord, 
resulting in a quadriplegia which became chronic, the patient finally dying 
of bed sores and a severe bladder infection. In Case 2 the second attack of 
myelitis did not occur until a year later ; it affected the cervical cord and 
rapidly proved fatal. If these events are summarized in the two cases, it 
will be seen that in Case | the duration of the illness was eighteen months, - 
and in Case 2 twenty-six months. In ‘both cases there were two distinct 
attacks of myelitis. In both cases the ocular symptoms and signs were very 
similar, failure of vision beginning in the left eye, and later going on to 
< blindness. In Case | there was no appreciable return of vision, whilst in 

















Case 2 vi ision in the left eye returned sufficiently to enable the patient to 
idi Both CASES shewed a central scotoma n In ce 2 there was 
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— ea stem, saith ae ex ception Pa two recent tare ss of demyelination in the 
dorsal part of the medulla in the second case. The optic nerve in Case | 
-o shewed“ well-marked de myelination. In Case 2 there was a diffuse 
A < demyelination of the optic chiasma, optic nerves and the initial portion of 
o optie tract. In both cases ‘there vas a diffuse myelitis extending fr om: 
je cer ical region through approximately two-thirds of the dor sal “cor 
oth cases # the baie —— of the cord v was striking. "In the 

















— was — or alight. te Gass Í iie — response 1 was more a 
© especially in the less affected portions of the cord. In both cases there was- 
>a brisk microglial response in the form of fat-laden corpuscles. and cells 
=~ with rod-shaped nuclei. Perivascular and meningeal infiltration with 
2 lymphocytes was evident at most levels of the cord in Case 2, but was 
| ibsent in Case 1. The anterior horn cells in the cervical and dorsal cord 
_ shewed changes ranging from complete destruction to varying degrees of | 
_ chromatolysis. Capillary overgrowth was a feature of Case 2, but was __ 
-o o slight in Case 1. | | 









| Discussion. 2 
: Clinical- diagnosis.—-N euromyelitis optica, though somewhat variable — 
in its effects on the nervous system, shows certain distinctive features. Theo __ 
a -age incidence varies from five to over sixty years ; the disease Is, however, | 
commoner in the early decades of life. Constitutional symptoms are noto | 
uncommon at the onset, especially headache, sore throat and a raised è 
temperature. After an interval of a few days, or, more rarely, several weeks, 
he first symptoms of invasion of the central nervous system shew. them- 
elves. Acc cording to Beck (1927) 75 per cent. of cases shew failing vision as_ 
first : sign of the disease, and subsequent writers agree that this i is the. 
al mode of onset. In the remaining cases, symptoms of a myelitis are 
the first to declare themselves. Where blindness first appears, signs ofa 
myelitis may follow at an interval of some hours, weeks, or rarely, mont } 
a The same intervals may occur between the myelitis and the first signs of 
- -failing vision. Blindness may be rst noticed in both eyes, or affect each 
ye at an interval of a few days, or rarely, two or three weeks. Asa rule ý 
he failure of vision is extremely rapid, so that in a few days there may 
emain only perceptiðn of light. In such cases the pupils are usually dilated 
d react sluggishly to light. The discs may be normal, or there may be 
pillitis, unilateral or bilateral. Vesion thay be so reduced that charting 
f the visual fields is impossible. Where the loss of vision is less sudden 
r less complete it is usually possible to establish the presence of a large 

































| 3 nystagmus 2 are 
solated. cases: these signs 
a d thro ow doubt — 





and genus my severe. -N umbiies — ae ate e. anual forme of 

: _ parasthesiz. which follow in either one or both lower limbs, spreading 
— upwards: to the abdomen. Within a few hours or days weakness of the 
lower limbs is noted, and retention of urine follows. In the acute cases the 
ee deep reflexes are depressed or absent, whilst in those cases in which the 
— onset i is more insidious they are exaggerated from the commencement. 
ae _ Muscular wasting has been reported, usually in the upper limbs, in a few 
_ of the more chronic cases. Sensory loss as a rule does not differ from that 
i found i in other forms of acute myelitis. In the initial stages the upper level - 

_ of sensory loss usually lies between the upper and mid-dorsal regions. 
There may be'a zone of hyperæsthesia. In both the cases reported in this 
paper there was an initial stage in which pain and thermal sensibility were 
= alone affected for a few days. A similar dissociated loss has been observed. | 


os other cases. | Balser (1936), Milian, Lhermitte, Schaeffer and Herowitz SiN, 







D, ‘Dollfuss (1928). | This stage is only a temporary one and is followed 
Os sof tactile and deep sensation. With rare exceptions the disease 

o the cerv ical cord. In the rapidly progressive cases this extension 
short interval after the first sign of the dorsal myelitis. Death 
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pe, there’ is an increase biga 
'otein is moderately raised. “The ay rea ad ey curves are ume 
ar ——— in all — of the disease. — association 1 of 8 « 








“five — to sev etal weeks. Ten of he cases came into 5 this group. ey 
which shew one or more remissions, but finally die after some months sup 
two or three years. There were seven cases that followed this course 
(3) Cases which recover completely or partially, of which there were five : 
examples. It is doubtful whether these cases have been followed sufficiently ae 
long to justify a diagnosis of neuromyelitis optica; some of them may 
eventually prove to be suffering from disseminated sclerosis. — 
~ Pathological diagnosis.-Neuromyelitis optica is characterized by a 
severe demyelinating process which affects the optic chiasma, optic nerves, _ ee 
: optic tracts, and the spinal cord. There is a relative escape ofthe brainand : : 
-~ brain stem. Beck, in 1927, collected twenty- -five cases in which pathological S 
— _ examinations had been performed. Nine of these showed disseminated 7] 
foci, whilst in sixteen there was evidence of a diffuse myelitis. The present — oe 
writer has collected a further twelve pathological reports since the publica- _ a 
~ tion of Beck’s paper, including the two cases which are the subject of the — 
: present paper. In nine of these the myelitis was diffuse, whilst in the — 
maining three there were disseminated foci. A diffuse demyeli natio 1 
uld therefore — to be the characteristic lesion. in — ti 




















































wa cavitation : oe occurs amen — oe * mye J 
use. On the other hand, those cases in which there are disseminated foc 
seldom show this change. There is considerable variation. in the histol 

details in this disease. This i is understandable when such factors 
varying duration of the illness, and, in the chronic cases, the abser F 

esence of an exacerbation of the disease shortly before death, are c 
red. The following summary is based upon twelve recently publishe 1 
. In the areas most affected, more especially in those that are necrotic, 
— of axis cylinders is usual. Of those that survive, the majority 
Hegre pave changes, whilst g feweremain unaltered. When the 
4s less ss intense n axis — are less altered, and some Bees 3 





nw was ake glial l 
ed by Hassin (1937), 
ing at the edge of the 
cd al 4 | espet ially rare and often shewed 
aking up oft their “pr ocesses. Marchieyicz and Peters (1936) and 
ano. 7) | of On the other 
Milian and hii is PeU (1931) re report | ; i ina ——— aged 37 in 
n death occurred aL the end of five weeks. ‘Disseminated foci were 
ad in the cord and chiasma. None of the lesions were necrotic. There 
was a definite increase of macroglial elements. These authors believe that E 
——— in this case there was a double process, destructive and reactional, resulting — 
nea hyperplasia of the macro- and micro-glial elements. Cestan, Riser and 
| Planques (1934) have reported a casé in a male aged 50 who suffered from 
_ hypertension. He developed an aphasia and later a quadriplegia which 
improved. This was followed | əy failure of vision with papillitis. Again 
there was improvement. The patient died finally from uremia eleven 
2 months after the onset. Several thrombotic softenings were found in the 
brain, and in addition disseminated foci, greyish in colour, which the. 
authors consider to be precisely the same as those found in disseminated ` 
sclerosis; none of these shewed necrosis. There was a marked increase 
in the number of astrocytes. This case is atypical, not only because of the 
co-existence of cerebral vascular disease, but also by the occurrence of foci 
of demyelination in the brain stem and hemispheres. In both these cases 
there were disseminated foci and necrosis had not occurred. It would seem . 
to the writer that the variations in the response of the macroglia in this 
lisease to a large extent depend upon the intensity of the lesion. When 
lecrosis occurs the astrocytes are not even spared, and therefore a subse- 
nt gliosis i is not possible, except at the margins of the affected areas. 
n the other hand, the microglia uniformly show a marked reaction, more | 
Sally i in - the form oF ie ory E ; their | other derivati 




































oh stan inflammatory reaction, cae — the —— vary considerably, 
Balser's first case, periv ascular infiltration with lymphocytes and tn 
cells was found, especially in the chiasma. The duration of the illness was 
nine weeks. In his second case, which lived for five months after the onset, 
: a similar degree of inflammatow reacgion was found. In the case reported 
by Uréchia and Veluda (1934) in which death occurred in the short tir 
five days after the appe ace of the first symptom, a diffuse iw 








ch e acute te pha A af ine oe. ae is i slight or a in ather more « c} pro 
=- cases. The grey matter may be affected as much as the white matter, 
ae several of the reported cases have shewn destruction of anterior horn cel 
: = : when the lesion has been severe. There seems a predilection for the central 
oe grey matter to be particularly affected, and it is in the region of the central — 
| canal that cavitation may occur. A considerable increase in the number _ 
of capillaries has been noted by Balser in two of his three cases, and by 
_ Hassin and Beck. It was a feature of Case 2 in this paper. Such changes, 
— however, seem to be relatively uncommon. Two conditions seem necessary 
-for this change. Firstly, a duration of the illness for some months ; for 
example, in Hassin’s case, which lived for fifteen months, the capillary __ 
_. overgrowth, judging from the illustration in his paper, was as well-marked 
as in the present Case 2, who lived for twenty-six months. Secondly, in all 
e cases in which this feature has been present, necrosis of the cord has _ 
-occurred. It would seem logical to assume that the destruction of astrocytes, 
which results from the necrosis, and the consequent poor glial reaction, 
— leaves only one tissue in a position to effect repair, namely the blood vessels. — ae 
\t the same time, one would have also expected a marked fibroblastic es 
action. This, however, occurs less frequently than the capillary cover- 
wth, although in a few cases it has been marked. (See Balser, Case 3.) 
The relationship of neuromyelitis optica to the other demyelinating 
diseases must remain uncertain until more is known of their ætiology. The 
present writer shares the view of those who hold that in neuromyelit : 
o optica there are certain clinical and pathological features which distinguis| t: 
‘it from other members of the demyelinating group. Neuromyelitis optica. 
s characterized by the combination of severe visual and spinal cord- 
yimptoms and signs. These may occur concurrently, or may follow one 
other at a short or a long interval. Signs of involvement of the brain’ 
tem are conspicuous by their absence. The cerebrospinal fluid may be 
ermal, or may show an increase in cells and protein with a normal colloidal | 
old or benzoin curve. The course of the disease is progressive or remittent, 
ut death occurs in the majority of cases within two years. Recovery, 





























































Motè i 


necrosis, andin | 


okei demyelinating d — such as Seiler’ 8 — acute — a 
Hi ted encephalomyelitis and disseminated sclerosis, in all of which vistial 2 
ae -loss associated with a. myelitis may occur. -Jt is natural to suppose that- 
ae cases from each of these groups will occasionally be encountered which 
show features common to more than one of them. For example, the 
L 28 clinical and pathological picture of Schilders disease is so different from 
: that seen in neuromyelitis optica that no confusion would seem. possible. 
: However, i in the following case reported by Marinesco, Draganesco, Sager — 
and Grigoresco (1930), there were features common to both conditions. The 
oe case was that of a woman aged 21 who, in January, 1929, developed head- 
o ache and vomiting. and pain in the lower limbs, followed a month later . 
= bye double vision, and later by bilateral blindness. In April there was a oe 
ee rapid development of a right- -sided hemiplegia with dysarthria, which 
ka improved in the course of a few days. In May, she showed signs of a =o 
accid paraplegia. wih retention of urine. The cerebrospinal fluid was 
malin all respects. The patient died six ‘months. after the onset. The 
rd showed. softening from the 5th to the 9th dorsal ‘segment. . The right 
here showed no. lesion. The as a showed two. extensive a 
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om ee was ea 3 lect upt to > thë nerve Mead 
author’ # comment on: certain features of the case — 
of Schilder's disease, thel 










— w — a the cena) nervous system, giv ing rise to a variety 
igns that are anally absent in neuromyelitis optica, such as euph: ori 
ular pareses, nystagmus, and the other signs associated with disturbance _ 
f the cerebellar and vestibular connections. Although loss of vision _ 
occurring in both eyes simultaneously does occasionally occur in dissemi- 
. - nated sclerosis, recovery as a rule is more complete than in neuromyelitis | 
= optica. In the few instances of disseminated sclerosis personally observed 
_ where there has been a degree of permanent blindness in both eyes, the 
_. defect has always been in the nature of a large central scotoma, no per — — 
hanent hemianopic loss such as may occur in neuromyelitis optica having 
been observed. Neuromyelitis optica tends to produce symmetrical effects ~ 
on the central nervous system. Itis true that at the onset one eye andone 
Tower limb may be affected, but in the course of a few hours, or days, the | 
other eye and leg are involved. This symmetrical picture is explained by 
e tendency of the pathological lesion to be a diffuse one. In disseminat 
sis, on the other hand, the disease is frequently asymmetrical 
s, loss of vision being confined to one eye, or, in a paraplegia, 
| limb my ber more — than the other. As a rule acute cas 































of — one. as — 1933) | — cir out. T Merritt (1 
has analyzed the cerebro-spinal fluid findings in 839 cases of diss amin 
clerosis. Seventy-one per cent. showed an abnormal Lange colloic al 
rve. In neuromyelitis optica, on the other hand, the Lange curv: 
ost constantly normal, despite a not infrequent pleocytosis. It mi 
idmitted, however, that cases are encountered from time to time whic 
w features suggestive of bot) conditions. For example, instances of 
te bilateral retrobulbar neuritis associated, perhaps, with a papillitis, b but 
h no other evidence of disease of the central nervous system, are 
astonally encountered. Rarely, an infection of me nasal sinuses: m 




























ee There are certain differences inthe pathological picture which would 
sengker the belief that neuromyelitis optica and acute disseminated 
sclerosis are separate conditions. As a rule the morbid process is more 
intense in neuromyelitis optica, necrosis being a relatively common finding, 
whilst its presence in disseminated sclerosis is quite exceptional and prob- 
<, ably an accidental finding. From these facts it is only to be expected that 
there should be differences in the final histological picture in the two 
_ diseases. In disseminated sclerosis there is little tendency for destruction of 
axis cylinders, although they may undergo degenerative changes, whereas 
ae ls in neuromyelitis optica they may be destroyed. In disseminated sclerosis 
$ Ae gliosis i is a feature of the disease, whereas in neuromyelitis optica the poor 
| response. of the macroglia can be attributed to the destruction of astrocytes 
he necrotic process, When gliosis is marked, as a rule, the initial lesion 
not. been 80 severe, In neuromyelitis optica- the grey matter may be 
everely affected as the white matter. As Hassin points out, in dis- 
i nated sclerosis there — be cellular infiltr ation of the anterior r horns, 













— ' tad one a he ‘jafections fevers, — a — — in many 
a = respects, i is different from that seen in neuromyelitis® 'optica. The lesions 
— are more w idespread, and may occur thipugh the hemispheres and brain 
z n, thus giving rise to signs: Which do not occur in neuromyelitis —— 

authorities are agreed that blindness is rare in this condition. T 


te al picture is is one of scattered foci, of demyelination thro y 
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e nerv ous y: tem — a * distirictly: periv asculir distribution. _ 


SSS the wides $] read inflammatory features met with in aci 















n doubt hat they were eted i by t che same — — — 
| disc ussed in the previous paragraphs, a diagnosis of neuromye! 
ems justified. Speculation as to the reason why these identica 
uld suffer the same rare disease of the nervous system is scare el 
rranted, in view of our ignorance as to its causation. Assuming, he 
ever, that the changes in the nervous system in neuromyelitis optica ¢ are 
due to a virus or its toxin, two possibilities suggest themselves: (1) That 
ah of them had harboured the virus for some years before the nervous 
system was attacked ; or (2) that Case 2, who frequently visited her sister __ 
= during the latter's illness, was infected by her. It seems likely that if a 
lowered resistance to disease of the nervous system was inherited, it would o 
be shared by both, in view of their relationship. 
























I am indebted to Professor J. McIntosh for the facilities he afforded : 
me in the Bland-Sutton Institute of Pathology. ne SSS 














| | SUMMARY. es 
1) The sdinical and. pathological features of neuromyelitis: opt A 
curred in identical twins are, described. E l 
) These two cases support the view that there is sufficient justifi at 
oT regarding neuromyelitis optica as a distinct member of the demyelit 








ing group of diseases. 
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DISTURBANCES OF SENSIBILITY IN DYSTROPHIA MYOTONICA. 


BY OTTO MAAS. 


; ‘ (From the National Hospital, Queen Square ) 

In the majority of accounts of dystrophia myotonica nothing is said with 
regard to sensibility in this malady. Curschmann (1936) states that no 
disturbance of sensibility is to be observed. Rouqués (1931) recorded 
sensory changes as a rare, and, as he thought, an unimportant exception. 

During the course of a study of dystrophia myotonica, the present writer 
found on the routine testing of vibration sense by the tuning fork that, as 
compared with the normal subject, this mode of sensibility seemed some- 
times impaired in the subject of dystrophia myotonica. However, the 
absence of satisfactory quantitative standards of acuity of this mode of 
sensibility made the evaluation of this observation difficult. A quantita- 
tive Investigation was therefore attempted, and its results are here recorded. 

Method of exammation—An apparatus devised by Newman and Corbin (1936) 
was employed. It consists of an electromagnetic vibrator: with a frequency of 
300 cycles per second. By means of suitable meters, the threshold of vibration 
perception in milliwatts can be recorded, the instrument resting by its own weight 


on chosen sites: namely, the ulnar styloid process, the tibial tuberosity and the 
internal malleolus. f 


In the subjects examined the observations were made for me with this instru- 
: I 
ment by Dr. H. W. Newman, to whom I express my warmest thanks. 


Observations and results. —A normal standard was obtained by a series 
of observations upon eight healthy subjects ranging in age from 26 to 34 
years. 

In a series of twenty-two patients suffering from dystrophia myotonica, 
their ages ranging from 13 to 35 years, fourteen showed an acuity of vibra- 
tion sense less than that of the least acute normal control. This 
impairment was greåtest at the wrist and less at knee and ankle. 

Six patients suffering from dystrophia myotonica between the ages of 
49 and 55, when compared with a singfe normal control aged 63, all 
showed vibratory acuity less than a third of normal at the wrist, while 
three*of them showed diminished acuity at ankle and knee as well. 
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450 ORIGINAL ICLES AND CLINICAL CASES. 
s 
| TABLE 
i | Vibration-sense 
Name Sex Age i Myotonia `] Muscle-atrophy 
— ———— 
Ina Tibia | Malleolus 

1 D.-B. | Female] 26 — — |, Mild Mild 

2 F. F. | Male 35 — — t Mild Mild 

3 Dj. | Female! 18 — — Doubtful Doubtful 
4 T W° Female; 21 — == Marked Marked 
5 T. B. | Female | 22 — Mild Mild 

6 G B. | Male 24 — — Mild `” Mild 

7 A. B. | Male 28 — Marked Mild N 
8 T. B. | Male 25 — — `` Mild Mild 

9 R G. | Male 32 XX X XXX Marked Marked 
10 G.J. | Female, 17 XXX X x Mid Mild 

11 G. C. | Female} 21 XXX — x Mild . Mild 

12 | L.F. | Female] 27 | XXX x X Mild Mild 
13 F.J | Male 26 XXX X — Mild Mild 

14 B.J. | Male 24 XXX XXX XX Mild Mild 

15 C.D. | Male 35 XXX XXX Mild Mild 

16 J. M. | Male 28 XXX XXX X Very marked | Very marked 
17 J G. | Male 35 XXX — — Very marked Mild 

18 | D.D. | Female] 25 | XXX — * Doubtful Doubtful 
19 F.H | Female! 19 XXX XXX XXX Doubtful Doubtiul 
20 E. H. | Female} 22 XXX X x Doubtful Doubtful 
24 L. R. | Female! 13 XX x x Mild No’atrophy 
22 H C. | Male 35 7s XX XX Marked! Marked 





The sign — denotes vibratory-acuity within normal limits ; X, decreased up $ of normal, 
XX,;from 4-4 of normal; XXX, less than + normal acuity. 


No constant relationship was found between the severity of myotonia 
and muscular wasting on the one hand, and the presence or degree of — 
impairment of vibration sense on the other. Of the 22 subjects in the table 
only three (2, 7, 17) were in hospital on account of weakness or.myotonia, 
the remainder were discovered in the course of a routine investigation of 
families of persons suffering from dystrophia myotonica and in hospital for 
this reason. 

It appears then that m thi series of myotonic subjects about two-thirds 
presented signs of impaired vibration sense. In all these, routine investi- 
gation of cutaneous sensibility (tactile and painful) revealed no abnormality. 
The subsequent examination of three subjects suffering from well- 
developed dystrophia myotonia and impairment of vibration sense revealed 
a normal threshold of tactila sensibility to testing with von Frey’s hairs, 
and à normal threshold to cutaneous pain sense. 

At what point in the sensory pathway the conduction of ‘impulses 
subserving the vibration sen e'is interfered with is not known. So far, 
histological examination of the nervous system in dystrophia myotonica 
has thrown no light on this point. Steinert (1909) reported degeneration in 
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the posterior columns of the cord in one case. In two cases some degenera- 
tion of the nerve cells was found in the lateral cell column in which the 
spinocerebellar tract is believed to arise, but the fibres of this tract were not 
degenerated, and no relation can be established between this nerve cell ` 
lesion and impairment of vibration sense. (Bielschowsky, Maas, Ostertag, 
1933.) (Keschner and Davisgn, 1933.) i 

Dr. Greenfield kindly examined histologically a cutaneous nerve 
removed during life from the outer side of the foot in a subject with 
impaired vibratory acuity at the ankle and suffering from dystrophia 
myotonica. The examination revealed a perfectly normal nerve. 

Although in the series already discussed no impairment of any mode 
of cutaneous sensibility was observed, the routine examination of a large 
number of cases of dystrophia myotonica did reveal abnormalities in seven 
instances. These consisted in areas of tactile hypesthesia, hypalgesia to 
pin-prick, or of hypotherm-anesthesia—either associated or separately— 
in the distal segments of the limbs. In some cases the entire hand was thus 
affected. These changes were not of severe degree. Many of these examina- 
tions were made under unfavourable conditions, as for example in the 
patients’ homes, and it is possible that more rigorous investigation might 
~reveal a greater frequency of these sensory abnormalities than has been 
found. 

A review of the literature of the disease yields numerous passing 
references to sensory anomalies. Thus, the presence of spontaneous pains 
and of paresthesia (“ pins and needles ”) are recorded by Rossolimo (1902), 
Pelz (1907), Batten and Gibb (1909), Buzzard (1909), Hirschfeld (1925), 
Bregman and Potok (1932), Curschmann (1936). Pelz also cites other writers 
in his paper. l 

Hypoæsthesia to pressure is recorded by Baake and Voss (1917); 
Rossolimo (1902) and Pelz (1907). 

Diminished sensibility to touch, pain and thermal stimuli, either singly 
or together, are recorded by Curschmann (1936), Nischau (1920), Scharnke 
and Full (1920), Steinert (1909), Berg (1904), Gökay (1936), Lortat-Jacob and 
Thaon (1905). 

Disturbance of postural sensibility is recorded by Curschmann (1936) 
and Rohrer (1916). ; 

This list is probably incomplete, but the results of my own examinations 
together with the references given suggest that the view held by some 
authors that these sensory changes are hysttrical in nature is not tenable. 

Whether these changes derive from peripheral or central nervous 
changes cannot be determined in the present state of knowledge. 
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: ‘5 
CONCLUSION. 


Disturbance of vabration|sense is a sign observed in many cases of 
` dystrophia myotonica. In consequence of its frequency we may regard it 
as an integral part of the symptom complex. 

Other signs of disturbed ensibility. arise much less frequently. How- 
ever, they occur in a sufficient|/number of caseseto make it unlikely that they 
are the result of any affection complicating dystrophia myotonica. 

The frequency of signs of sensory change in dystrophia myotonica 
suggests that this malady is; not solely the result of an affection of the 
muscles themselves. 


The author expresses his |thanks to the honorary staff of the National 
Hospital, Queen Square, an | to Dr. W. A. Spence of St. Bartholomew’s 
Hospital for permission to examine the cases which form the basis of this 
paper. 

The investigation. was carried out under a grant from the Medical 
Research Council. | 
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Notices or Recent PUBLICATIONS. 


Meningiomas: Their classification, regional behaviour, life history, and 
surgical end results. By Harvey Cusine, with the collaboration of 
Louise Eisenhardt. pa more; C. H. Thomas. 1938. Pp. 785. 
Figs. 685. l ' 


The differential diagnosis, pathological and topographical, of intracranial 
tumours has made remarkable strides in the last few years, and no student of the 
subject can be unaware of the share in this progressive refinement of diagnosis 
that neurologists owe to Harvey Cushing and his collaborators. A steady flow 
of monographs and papers have come to us from this source, and the present 
exhaustive analysis of the symptomatology, behaviour and treatment of the menin- 
giomas is a worthy member of a unique series. The complete and orderly 
presentation that the reader has jlearned to expect from Harvey Cushing is here, 
and proves—if proof were needed—that the field of clinical observation still offers 
a rich harvest to those who work jin it. 


The Physiology of the Nervous System. By J. F. Furron. London: 
Oxford Medical Publications. 1938. Pp. 630. Figs. 94. Price 25s. 


_This book is addressed to st dents of medicine “who must bridge the gap 


. between the concepts of neurophysiology and the problems of clinical neurology.” 


It may truly be said that the facts of clinical observation for the seeing eye often 


' throw light upon the normal ph siology of the nervous system, and in so doing 


amplify and extend the experimental work of the physiologist. Any exposition of 
neurophysiology that will facilitate this process will be valuable to workers in both 
fields, but we may in this connexion more accurately speak of co-ordinating these 
two orders of observation than of bridging gaps. 

Of its nature the task that the author has courageously undertaken is as difficult 
for the physiologist as for the clinician. The former is writing for someone with 
whose problems he has no first-hand acquaintance and cannot therefore achieve the 
selection of what is relevant andj useful, nor present this in the most appropriate 
manner and with the proper emphasis. The latter lacks the personal experience of 
experimental methods and of the reactions of the experimental animal which are 
necessary if he is to assess and apply what the physiologist has to tell him. 

In the writing of such a book|the counsel of perfection indicates a collabaration 
between physiologist and clinical neurologist, and we may regret that Professor 
Fulton has not availed himself of a collaboration of this order, for it was surely 
available. | 

The lack of it is most clearly, seen in the eemote and inadequate treatment of 
the physiology of sensation, but it fs evident here and there throughout the book. 

Nevertheless, this may be used as a quarry from which the neurologist may dig 
what he wants, and in his search| he is aided by a vast bibliography of some-1,300 
papers and a number of clear diagrams. 
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The Pituitary Gland: An investigation of the most recent advances. 
Association for Research in Nervous and Mental Diseases. Volume 
XVII, 1938. London: Bailliére, Tindall, ahd Cox. Pp. 764. Figs. 160 
and 50 Tables. Price 45s. .. 


The scope and plan of this volume will be familiar to those who have seen its 
predecessors in the series, It ig divided into three sections, anatomical, physiological 
and clinical, and provides an exhaustive summary of present knowledge of its 
subject. Each chapter is followed by a bibliography. 


Das Zwischenlurn und die Regulation von Kreislauf und Atmung. Beit- 
rage zur Physiologie des Hirnstammes. II ter. Teil. By W. R. Hess. 
Leipzig: G. Thieme. 1938. Pp. 125. Price RM. 32. 


Employing the method of electrié stimulation of deeply-placed points in the, 
brain stem by means of a stereotaxic instrument, a method described: in the first 
part of these “ Beiträge,” the author describes a series of experiments ‘designed 
to reveal the nervous control of the circulation and of respiration by the brain stem, 
and to identify the structures—nuclei and paths—concerned in this regulation. 

A long historical review precedes the descriptive experimental’ matter which 
comprises the bulk of the monograph. 


The Adrenal Cortex and Intersexuality. By L. R. Brosrer, CLIFFORD 
ALLEN, H. W. C. Vines, Jocetyn Patrerson, ALAN W. GREENWOOD, 
G. F. Marrian, and G. C. Butter. With a foreword by Sir WALTER 
Lancpon-Brown. Demy 8vo. Pp. 245, with numerous illustrations 
and charts. London: Chapman and Hall. Price 15s. net. 


A book compounded by no less than seven authors, approaching a subject of 
profound interest and importance from clinical, psychological, pathological, and 
bio-chemical angles. 

The. outstanding feature of the publication is the correlation of virilism and 
sexual disturbances with histological variations within the adrenal cortex and the 
associated excretion within the urine of specific bio-chemical substances. The 
histological change is apparent in a fuchsinophil staining of cells of the adrenal 
cortex. It is a little strange, perhaps, that some of the cases which depict most 
histological evidence of virilism fail to exhibit free male hormone in the urine, 

Numerous clinical cases are cited in illustrating the four groups into which the 
authors have arranged their cases. The groups consist of: prepubertal virilism, 
postpubertal virilism, Achard-Thiers Syndrome, and postmenopausal virilism. The 
cases in the first two ‘Of these groups are benefited by surgery, the other groups are 
best treated by glandular therapy. „Particular attention is drawn to the importance 
of the early instigation of treatment oying tq the protracted influences underlying 
such changes, and the permanence of the induced characteristics. 

Jhe diagnosis is somewhat difficult, so much so that laparotomy is advised to 
this end ; perhaps somewhat lightly, as when recommended in children presenting 
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hypertrophic change in the clitoris. Laparotomy is essential to the exclusion of 
disorders of other glands, to ensure the presence of both suprarenals and determine 
„Which is the larger, to exclude the presence of accessory suprarenals, and in order 
to investigate the state of development of the internal genitalia. The post-operative 
period is apt to be stormy, hence the operation of adrenalectomy demands good 
physical resources on the part of the patient. 
The results of operation are suid to indicate'a general and immediate tendency 
to lose acquired male characteristics with return to normal sexuality psychologically: 
these results, however, do not appear to be quite so obvious in some of the contained 
case reports. Hirsutism, although diminished, appears to persist in varying degrees, 
necessitating depilation by the patient, (Group 1 cases observed after a period of 
ten years are reported thus: “can control their hirsuties and though they have not 
menstruated or changed much jprogress of the disease appears to have been 
arrested.”’) i 
The pathological study is a ¡valuable and commendable contribution to the 
knowledge of adrenal function in| its mechanism of control of sexual development 
Some of the suggestions are hypothetical. It-is disappointing to note that in advo- 
cating the application of the pre-operative free hormone test such was not adhered’ 
to for “ owing to the time taken to perform it it has not been utilised in this series.” 
ı The section deals very clearly with the relationship of the suprarenal to Cushing’s 
Disease and like conditions, andj the relative parts played by chromosomal and 
endocrinal factors in the sexual pattern. The bi-sexual qualities of the secretions 
of the adrenal cortex explain the instability of the female sexuality relative to that 


of the male; 
The illustrations are excellent but additions could be made with- advantage show- 
mums ing the macroscopic and microscopic changes in the adrenals. : 


The book is thoroughly recommended to all interested in the endocrinology of 
sexual function and development. 


A Biological Approach to the Problem of Abnormal Behaviour. By 
~ Mitton HARRINGTON, M.D. Lancaster (U.S.A.): Science Press Printing - 
Company. 1938. Pp. 459. ` 


Like other serious attempts to take the “fundamental facts of anatomy, 
physiology, medicine and general| biology, together with the facts of normal and 
abnormal psychology, and to build a theory which will harmonize with this large 
and widely diversified group of facts,” Dr, Harrington’s book is more easily praised 
for the purity of its intentions than for the success with which they have been 
carried out, The cause of the author’s failure lies not so much in himself as in the 
incompleteness of his material: the time for a full synthesis is not yet. Disapproving 
entirely of the psychoanalytical doctrine, which he criticizes effectively, he has: 
aimed at a mechanistic view of the behaviour of man as a @ocial organism. The 
outcome is a broad, theoretical survey, acceptable enough and even valuable until 
we go beyond the surface outlines of abnormaf psychology to consider the details 
of conduct, especially in mental disorder. It also falls short in its grasp of the 
physiology of the nervous system, as now conceived, and of modern psychology. 
It is, however, clearly written, interesting, and well designed. ” 
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Some Investigations into the Physiology of Emotions. By H. I. Scuou, 
M.D. London: Humphrey Milford. 1937. Pp. 111. Price 8s. 


So painstaking an investigation as this into som bodily concomitants of mild 
emotion is particularly valuable now that psycho-somatic relationships are being 
widely assumed and discussed. With neurotic patients as his subjects, Dr. Schou 
studied blushing, skin temperature, basal metabolic rate, insensible perspiration, 
gastric secretion, blood sugar eurve, and adrenalin content in the blood. Although 
the technical procedures are not always those best suited to the inquiry, the findings 
seem reliable and instructive as far as they go. Whether these observations on weak 
transient emotional changes in neurotic persons can be extended and applied to the 
more lasting affective anomalies is questionable. There is, moreover, in this report 
hardly enough emphasis on the still unaccountable wide individual differences in 
the physiological manifestations of emotion. : 


Schizophreme und Mord: Ein Beitrag zur Biopsychopathologie des 
Mordes. By Dr. Nora ScutpKowensxy. Berlin: Springer. 1938. 
Pp. 186. Price RM. 18. 


The value of this monograph lies chiefly in the sixteen’ case-reports, withdrawn 
from the records of the Munich psychiatric clinic, They serve as the text for a 
discursive “ contribution on the biopsychopathology of murder,” much of which is 
polemical and designed to show how untenable are the views of Lombroso and of 
Freud. The writer’s own conclusions are so vague, expressed as they partly are in 
terms of “fundamental ,dynamics of primine psychic structures,” “the specific 
human instinct of striving after happiness,” “the fundamental experience of associa- 
tion between individual, genus, and cosmos,’ &a, as to be too obscure for 
examination, The clinical psychiatric comments and the observations on suicidal 
tendencies in these patients are informative, and the opening sections on biological 
and anthropological issues interesting but superficial. A rather irrelevant chapter 
deals with the problem of dreams in relation to psychosis and murder. 


Die Psychologie und Psychopathologie der Hysterie. .By Dr. ROBERT 
FLINKER. Leipzig: Thieme. 1938. Pp. 63. Price RM. 4'20. 


This is yet another attempt to explain hysteria, in which the author does not 
bring forward original observations but only his re-arrangement of current views 
(especially those of Kretschmer), and selects from books he has read evidence to 
support his belief that an anomaly of purposeful activity is at the root of hysteria. 
In spite of much detail, the treatment of the subject is superficial, and more suited 
to an essay than to a monograph. 
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